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The shift from aerobic to anaerobic growth ' conditions 
leads to a series of physiological changes in facultative 
enteric bacteria such as Salmonella typhimurium and 
Escherichia coli. These changes are the resul ts of a 
complicated 'switch on' of aerobic genes and 'switch off' 
of anaerobic genes. However, the gene regula tion by 
anaerobiosis is still poorly understood. arcA encodes a 
protein which is responsible for the repression of aerobic 
gene during anaerobic growth conditions. The cloned 
promoter of areA of S. typhimurium is stimulated by solely 
anaerobiosis but not affected by glucose, nitrate and 
fnr(oxrA) mutation. Owing to this characteristic, it was 
used as a model for the study of transcriptional 
regulation by anaerobiosis. The cloned areA promoter was 
'subcloned into M13mp18 and M13mp19 as p3418i and p3419i 
and then sequenced. The sequence was the same as that 
reported from Wong (1990). p3418i was used for deletion 
analysis by 5' unidirectional Exonuclease III nested 
deletion. After peR screening and confirmation of 
deletion end point by sequencing, a panel of eighteen 
evenly spaced clones were selected for investigating the 
effect of 5' deletions on the expression of the promoter. 
Subclones representing nine different locations were 
obtained for expression studies. A deletion of 173 bases 
from the 5' EeoRI-end of the cloned areA promoter was 
, enough for the elimination of arcA expression. It is 
suggested that the promoter is located within this 173 
bases region. Al terna ti ve ly, loca ted wi thin this region 
is a bacterial enhancer-like activator element which will 
affect the transcription of the cloned arcA promoter. 
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1. Introduction 
1.1. General Introduction 
The shift from aerobic to anaerobic growth conditions 
leads to a series of physiological changes in facultative 
enteric bacteria such as Escherichia coli and Salmonella 
typhimurium. These changes are the resul ts of a 
complicated, simultaneous 'switch off' of aerobic genes 
and 'switch on' of anaerobic genes. Two global regulatory 
networks: FNR, which regulates the induction of anaerobic 
respiratory genes, and ArcAB, which regulates the 
repression of aerobic respiratory genes, have been 
extensively studied. However, the gene 
anaerobiosis is still poorly understood. 
regulation by 
To understand 
the genetic regulation by anaerobiosis at the molecular 
level, one has to identify the ·DNA sequence in the 
promoter of anaerobiosis-inducible genes which is 
recognized by the regulatory protein. Two approaches have 
been used, sequence comparison and direct determination of 
the regula tory sequence. By using the former approach, 
Kwan and Wong ( 1991 ) has reported a deduced consensus 
sequence for the ' 'Anaerobic Sense Element (ASE) , . 
However, as in the case of the Fnr-regula ted genes, the 
consensus still need confirmation through mutation studies 
as well as other promoter characterization. Furthermore, 
the consensus sequence is subject to changes as more genes 





should be isolated and 
1.2. Purpose of Study 
areA encodes a protein which is responsible for the 
repression of aerobic genes during anaerobic growth 
condition. areA mutants, . as a result of a pleiotropic 
failure in the repression of aerobic genes, showed an 
increase in the expression of a number of aerobic enzymes 
under anaerobic growth conditions (Iuchi and Lin, 1988). 
The areA structural gene has been isolated and sequenced 
in E. eoli (Drury and Buxton, 1985). Furthermore, the 
promoter of areA in S. typhimurium has also been cloned 
and shown to be stimulated by anaerobiosis but not 
affected by glucose, nitrate and fnr(oxrA) mutation (Wong, 
1990). Furthermore, preliminary studies suggested that it 
was not auto-regulated. Being solely regulated by 
anaerobiosis, areA promoter serves as a good model for the 
study of transcriptional regulation by anaerobiosis. 
In this study, the cloned Salmonella typhimurium areA 
promoter was subcloned to M13mp18/19 sequencing vectors 
(Yanisch-Perron, 1985) (Figure 1), sequenced and was 
subject to unidirectional nested deletion by Exonuclease 
Ill. -. The nest-deleted DNA fragments were then cloned into 
the promoter-probe plasmid pFZY1 (Koop, 1987). pFZY1 
(Figure 2) is a low copy number plasmid vector. It 
contains a promoterless ~-galactosidase-coding laeZ gene 
and a multiple restriction site of M13mp18 just upstream 
from the gene. Any inserted promoter can be selected 
3 
positively by its growth 
and the production of 
in ampicillin-containing media 
~-galactosidase. The effect of 
deletions on the expression of the cloned areA promoter 
would be assessed by the level of expression of the laeZ 
gene using ~-galactosidase assay. The regulatory sequence 
that was important in areA expression was elucidated. 
Primer extension was attempted using anaerobically grown 
S. typhimurium strain HSK1534 harboring the pFS34 to 
determine the transcriptional startpoint of the cloned 
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Restri et i on map of promoter · probe p 1 asmi d pFZY1 (redrawn 
from Koop et a7.) 1987). 
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2. Literature Review 
2.1. Central Pathways of Aerobic and Anaerobic Carbon 
Catabolism 
Salmonella typhimurium is a member of the Family 
Enterobacteriaceae. One of the definitive characteristics 
of this family is its capability for growing both in the 
presence and absence of molecular oxygen. 
known as facultative anaerobes. 
They are thus 
The central pathway of carbon metabolism of S. 
typhimurium and the related Escherichia coli under aerobic 
condition is indicated in Figure 3. During aerobic 
growth, oxygen serves as the terminal exogenous electron 
acceptor. Glucose is ,completely oxidized to C02 via 
tricarboxylic acid (TeA) cycle generating ATPs through 
oxidative phosphorylation. 
The TeA cycle is an inducible pathway, being induced 
in response to the demand on its dual catabolic and 




Under anaerobic conditions, 
and anaerobic 
the TeA cycle is 
tran-sformed from a cyclic form to a non-cyclic pathway 
summarized in Figure 4. 
In the absence of molecular oxygen as well as other 
exogenous electron acceptors, the bacteria undergo mixed 
acid fermentation generating ATPs through substrate-level 
phosphorylation. Glucose is converted to a number of 
7 
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The cent ra 1 pathway of carbon metabo 1 i sm under aerobi c 
conditions (redrawn from Guest et a7., 1990). 
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Figure 4. The non-eye 1 i c pathway of carbon metabo 1 i srn under 
anaerobic conditions (redrawn from Guest et a7., 1990). 
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soluble end-products: acetate, ethanol, and lactate and 
gaseous products: hydrogen and carbon dioxide. Small 
amount of formate and succinate are also produced 
(Gottscha1k, 1986). 
In the presence of alternative electron acceptors such 
as fumarate, nitrate, nitrite, trimethylamine N-oxide and 
dimethylsulfoxide, S. typhimurium and E. coli metabolize 
fermentable sugars through anaerobic respiration. 
2.2. Global Regulation of Gene Expression by Oxygen 
In response to stresses or changes in environmental, 
bacteria can adjust themselves physiologically, by 
changing the pattern of gene expression (Gottesman, 1984). 
The regulatory circuits involved, instead of being 
discrete, are integrated into a complex regulatory 
network. Genetic regulation responding to aerobic-
'anaerobic shift belongs to one of these global mul tigene 
systems (Gottesman, 1984). · 
2.2.1. Two Approaches for the Studies 
Two approaches have been used to identify operons that 
are regulated by the same stimulus (Neidhardt, 1987). 
Using the O'Farrell 2-dimensiona1 gel electrophoresis 
technique (O'Farrell et al., 1977), the pattern of protein 
synthesized by the bacteria under a particular growth 
·condition can be studied. The second method employed the 
10 
operon and gene fusion techniques developed by Casadaban 
and his colleagues (Casadaban and Chou, 1984; Casadaban 
and Cohen, 1979). With the first approach, Smith and 
Neidhardt (1983) demonstrated that, in Escherichia coli 
K12, eighteen enzymes, four of them were glycolytic 
enzymes and one · was the ~ subunit of pyruvate formate-
lyase, were induced in ratios of 1.8- to 11-fo1d in 
response to a shift from aerobic to anaerobic growth 
condi tions. The four glycolytic enzymes are 
glycera1dehyde-3-phosphate dehydrogenase, fructose-6-
phosphate kinase, pyruvate kinase and enolase. Similarly, 
in Salmonella typhimurium, Spector and his colleagues 
(1986) reported 30 polypeptides that were induced under 
anaerobiosis. Some of them are also induced by stresses 
such as nicotinate starvation and phosphate starvation. 
The second approach has been employed by various groups of 
researchers in the studies of anaerobiosis. Mud(Ap lac) 
operon fusions were conducted to study the oxygen-
regulated stimu10ns of S. typhimurium (A1iabadi et al., 
1986). Thirteen anaerobically-inducible and six 
aerobically-inducible operon fusions were identified. At 
the same time, Win'ke1man and C1ark (1986) isolated a 
collection of anaerobically-induced gene fusions scattered 
around the E. coli chromosome in a more or less random 
fashion. Recently, the operon fusion techniques wi th a 
hybrid bacteriophage of A and Mu, Ap1acMu53 creating 
transcriptional fusions to lacZY were used to identified 
11 
anaerobically expressed E. coli genes. Nine strains 
containing anaerobically-induced operon fusions were 
constructed and they were mapped on the E. coli chromosome 
linkage map (Choe and Reznikoff, 1991). 
The studies on the interconversion of succinate and 
fumarate has led to the discoveries of two transcriptional 
regulators for two networks of oxygen-related gene 
expression: FNR and ArcAB. Under aerobic growth 
conditions, succinate is oxidized to fumarate by succinate 
dehydrogenase (Figure . 1). In the absence of oxygen, 
fumarate reductase functions as the terminal reductase of 
an anaerobic respiratory chain (Figure 2). fnr was first 
identified when mutants which lacked fumarate reductase 
were isolated (Lambden and Guest, 1976) while areA was 
first identified when sdh-lacZ fusion was used to detect 
mutations that prevented the normal anaerobic repression 
of succinic dehydrogenase (Iuchi and Lin, 1988). 
2.2.2. FNR Regulation 
FNR is a transcriptional regulator which is essential 
for .anaerobic respiratory processes. FNR is involved in 
the anaerobic activation or repression of a number of 
respiratory enzymes and is also involved in the negative 
autoregulation of itself under anaerobic growth 
condi tions . fnr is so named because of the fact tha t 
pleiotropic mutants are defective in fumarate and nitrate 
reduction. They lack the abi li ty to induce both the 
12 
fumarate and nitrate reductases under anaerobic 
conditions. Recently, seven fnr* mutants that activated 
gene expression in the presence of oxygen were isolated 
(Kiley and Reznikoff, 1991). 
fnr gene of Escherichia coli was first isolated as 
transducing phage (Afnr) from a recombinant lambda phage 
library for having the ability to complement the lesion of 
fnr mutants (Shaw and Guest, 1981). fnr was located in 
min 29 of the E. coli linkage map. The fnr gene had been 
sequenced and an open reading frame of 750 nucleotides was 
assigned (Shaw and Guest, 1982). Furthermore, the intact 
FNR proteins (~ 30000) were isolated (Trageser et al., 
1990) . FNR apparently binds to a 22-base pair specific 
DNA site with its center located 41.5 to 49.5 base pair 
upstream of the transcription startpoint of each promoter 
it activates (Spiro and Guest, 1987; Jayaraman et al., 
1989; Eiglmeier et al., 1989). By comparing the sequence 
of the promoter of the FNR-regula ted genes, a FNR si te 
consensus has been reported (Spiro and Guest, 1987; 
Eiglmeier et al., 1989). The following is the FNR 
consensus sequence reviewed by Guest et a1.(1990). 
A-A-TTGAT--A-ATCAAT---J' 
The molecular analysis of the fnr gene had been reported 
but details will be discussed in later section as example 
of the 'Molecular analysis of promoters'. 
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The mode of action of FNR was first revealed from its 
similarity in amino acid sequence wi th catabolite 
activator protein (CAP/CRP). As a global transcriptional 
regulator, CRP binds to the CRP binding site in the 
promoter region of the catabolite-repressed genes and 
thereby activates the transcription of the genes. But as 
a repressor, it binds to the CRP binding si te located 
downstream of the promoter and inhibits the transcription 
of the gene (Botsford and Harman, 1992). The CRP 
consensus differs from . the FNR consensus by the base-pair 
5 of each half-site. G:C ~ T:A substitutions at base-
pair 5 of each CRP-binding DNA half-site of the E. coli 
lac promoter converted the CRP-dependent transcription to 
a FNR-dependent, anaerobiosis-dependent transcription of 
the lac promoter. FNR-dependent transcription ini tia tes 
at the same base pair as does CRP-dependent transcription 
of the wild-type lac promoter (Zhang and Ebright, 1990). 
FNR is a DNA-binding protein which recognizes its 
target sequence via a helix-turn-helix motif. Its 
functional form is suggested to be a dimeric form (Spiro 
and Guest, 1990). The unique cysteine-rich N-terminus of 
the FNR led to the ' prediction that these residues are 
essential in the sensing of anoxia. Mutations in the N-
terminal has led to the inactivation of the FNR proteins 
in E. coli (Spiro and Guest, 1988). They may be involved 
in disulfide-dithiol exchange reactions, interaction with 
a coeffector or provision of a metal binding site (Guest 
14 
et al. , 1990) . The removal of metal ions from 
anaerobically growing cells inhibited FNR activity 
indicating that metal ions are important in sensing anoxia 
(Spiro et al., 1989; Trageser and Unden, 1989). The role 
of iron in FNR-mediated gene expression was confirmed by 
in vivo studies using cultures in which FNR was 
inactivated by growth in the presence of the non-toxic, 
Fe2+-specific chelator, 
presence of ferrous 
ferrozine, while protected by the 
ion (Green et al. , ·1991) . 
Furthermore, . purified FNR can be converted in vivo by 02 
and by chelating agents to an inactive state. The 
conversion from aerobic (inactive) to anaerobic (active) 
FNR can be carried out in the presence of chloramphenicol, 
an inhibitor of protein synthesis. Anaerobic FNR (active) 
can be converted post-translationally to an inactive 
metal-depleted FNR by growing the bacteria in the 
chelating agents. Incubating the bacteria with Fe2+ helps 
to reverse the conversion (Engel et al., 1991). However, 
iron content as well as the reversible binding of Fe2+ 
under physiological conditions was demonstrated not to be 
a regulatory element of the functional state of FNR during 
the aerobic-anaerobic switch. The supposed regulation by 
reversible binding of iron was achieved only under drastic 
iron depletion (Niehaus et al., 1991). Figure 5 
summarizes the anaerobic activation of the FNR protein and 
a selection of functions of the protein from Spiro and 
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Fumarate reductase 
Nitrate reductase 
Nitrite reductase (cytochrome cm) 
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OMSO:TMAO reductase 
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NAOH dehydrogenase 11 
Cytochrome d oxidase 
Cytochrome 0 oxidase 
FNR (autoregulation) 
Inactive Active 
Figure 5. Speculative representation of the anaerobic conversion of 
FNR into its active DNA-binding form, and a selection of 
functions that are activated (+) or repressed (-) by FNR 
(from Spiro and Guest, 1991). 
16 
demonstrated that FNR can activate or repress 
transcription in vitro (Sharrocks et al., 1991). 
In Salmonella typhimurium, two loci oxrA and oxrB 
(oxygen regulation) have been identified during the 
studies of regulation of the peptidase T (pepT) by oxygen 
(Strauch et al., 1985). They were essential for the 
anaerobic induction of several respiratory enzymes. oxrA 
was mapped at min 29.5, the same region as fnr on the E. 
coli genetic map. The complementation of oxrAl with the 
fnr gene in E. coli for the expression of the pepT:: lac 
fusion showed that oxrA and fnr are homologous loci. oxrA 
mutants differ from the fnr mutants that oxrA mutants 
cannot use nitrate as an electron acceptor but they can 
use fumarate as an electron acceptor and ni tri te as a 
nitrogen source while fnr mutants cause a loss of ability 
to use nitrate or fumarate as the electron acceptor and 
nitrite as a nitrogen source. 
oxrBB is linked to pepT and oxrA (Strauch et al., 
1985) at min 71-72 on the Escherichia coli chromosome map 
(Lombardo et al., 1991). OxrB+ strains respond rapidly to 
a shift to anaerobiosis while the oxrBB mutant responds 
four-times slower with distinct residual induction. This 
residual induction is dependent upon the presence of a 
functional oxrA gene because oxrBB-oxrAl double-mutant 
showed no induction. The oxrBB mutation is partially 
dominant over the wild-type allele and not a simple loss 
of function mutation. The oxrBB mutation affects rpoA 
17 
gene which encodes the a-subunit of RNA polymerase and a 
part of the ex operon located in the same map position. 
The introduction of a plasmid containing rpoA from E. coli 
into an oxrB mutant recovered the wild type appearance on 
MacConkey agar (fish eye) and the anaerobic induction of 
b-galactosidase. The cx-subuni t of the RNA polymerase is 
involved in the direct interaction of the polymerase with 
the OxrA activator protein (Lombardo et al., 1991). The 
oxrBB mutation is pleiotropic, affecting the transcription 
of hyd, pepT, chIC (Strauch et al., 1985) and fdhF 
(Fasciano and Hallenbeck, 1991). The oxrB8 defect can be 
partially corrected by a high copy number plasmid carrying 
a E. coli fnr gene (Jamieson and Higgins, 1984). 
Aliabadi and his co-worker (1986) identified thirteen 
anaerobically inducible operon fusions. They were grouped 
into three classes. Class I genes are regulated by both 
oxrA and oxrB. Class 11 genes are regulated only by oxrA. 
Class III loci are regulated by neither regulatory genes. 
Two more distinct and unlinked regulatory genes, oxrC and 
tppR were isolated (Jamieson and Higgiris, 1986). 
Anaerobic expression of the formate dehydrogenase 
component of formate ' hydrogen lyase (fhl), a tripeptidase 
(pepT) and hydrogenases 
mutants. However, the 
1 and 3 were prevented in oxrC 
anaerobic expression of nitrate 
reductase, fumara te reductase and a number of fnr( oxrA)-
dependent enzymes were not affected by oxrC mutations. 
Two distinct classes of anaerobically induced genes were 
18 
proposed. One of which required the presence of fnr for 
their expression. fnr-dependent enzymes were mainly 
respiratory enzymes. The other required oxrC. oxrC-
dependent enzymes were involved in fermentative pathways 
as well as in biosynthetic pathways. Since oxrC mutants 
were deficient in phosphoglucose isomerase acti vi ty, it 
was suggested that a product of glycolysis may function as 
an anaerobic regulatory signal (Jamieson and Higgins, 
1986). Lastly, oxrE, which is one map unit apart from 
oxrA was identified by Tang and Barrett (1986) to be 
essential for anaerobic metabolism. 
known about the gene. 
2.2.3. ArcAB regulation 
But yet li ttle is 
The ArcAB system (Iuchi and Lin, 1988; Iuchi et al., 
1989a) has two components gene areA and areB were 
identified during the studies of anaerobic expression of 
the sdh which encodes the succina te dehydrogenase. are 
was used to denote its role in the regula tion of the 
aerobic respiration system that affects many target gene 
(Iuchi and Lin, 1988). Its pleiotropic mutant derepressed 
succinate dehydrogeriase as well as fifteen othe~ aerobic 
enzymes under anaerobic growth conditions. 
2.2.3.1. areA 
areA was mapped at min 0 on the Escherichia eo1i 
chromosome map. Complementation tests showed that the 
gene corresponds to the dye gene. Mutations in dye gene 
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caused sensi ti vi ty to redox dyes such as methylene and 
toluidine blue (Roeder and Somerville, 1979), and also 
cause resistance of Hfr strains to F-specific 
bacteriophage and defective as conjugal donors (McEwen and 
Silverman, 1980). Other designations for areA gene 
include fexA for F expression (Lerner and Zinder, 1982), 
seg for segregation of F plasmid (Hathaway and Bergquist, 
1973), msp for the resistance to male specific phage 
(Buxton et al., 1978) and sfrA for sex factor regulation 
(Beutin and Achtman, 1979). The coding sequence o'f areA 
has already been sequenced and similarities were found to 
be similar to that of OmpR (Drury and Buxton, 1985). The 
promoter of areA of Salmonella typhimurium has been cloned 
by Kwan and Wong (1991) and it was found that the 
expression of the cloned areA promoter is anaerobiosis-
inducible, but not affected by glucose, nitrate, or fnr 
mutations (Wong, 1990). 
2.2.3.2. areB 
arcB, a second pleiotropi~ control gene of the system 
is located at min 69.5 (Iuchi et al., 1989a). areB is 
invo-~ved in the negative control of the aerobic enzymes. 
Mutations and a deletion in areB relieve the anaerobic 
repression of the aerobic enzymes such as succinate 
dehydrogenase and also cause toluidine blue sensitivity 
(Iuchi et al., 1989a). arc control operates independently 
of catabolite repression. 
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2.2.3.3. A member of the Two-Component regulatory systems 
The DNA sequence of arcA shows 40% similarity to that 
of ompR (Drury and Buxton, 1985), which encodes OmpR, a 
transcriptional activator required for the expression of 
ompF and ompe (Forst et al., 1989; Aiba et al., 1989). 
OmpF and OmpC are two major outer member porins (Forst and 
Inouye, 1988). OmpR, in coordination with EnvZ, an 
Escherichia coli signal-transducing membrane receptor that 
acts as an sensor, consti tutes the EnvZ-OmpR system and 
serves as a member of the two-component (sensor-regulator) 
signal-transducing proteins. Gross and his co-workers 
(1989) suggested these proteins control a diverse range of 
adaptive responses in bacteria. 
The gene product of arcA (dye) gene is a soluble 
protein like OmpR (Drury and Buxton, 1985). It was thus 
suggested that the arcA protein may work in conj unction 
with a membrane protein, probably the protein encoded by 
arcB (Guest et al., 1990). arcB gene of the E. coli 
encodes a membrane-associated sensor protein (Iuchi et 
al., 1990b) and the N-terminal of which traverses the 
cytoplasmic membrane twice, with a small segment of seven 
amino acids in the periplasmic space. The bulk lies in 
the cytoplasm. In search of the signal for the Arc 
system, the direct effect of oxygen has already been 
excluded in a study using the sdh-lacZ fusion. 
Furthermore, when the effectiveness of the flow of 
electrons through the transport system increases, the 
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repression signal is decreased (Iuchi et al., 19.89a). 
Results in a study of the aerobic signal for the arc 
regulatory system in E. coli using lac fusions of eyo and 
cyd indicated that the direct signal for the Arc system 
was either a cellular redox component in the electron 
transport chain or a compound connected to the chain by a 
redox reaction and that the signal compound is not readily 
autoxidizable (Iuchi et al., 1990a). The properties and 
the location of ArcB led to the belief that the signals 
come from the cytoplasmic membrane' and is a variation of 
the ratio between the reduced form and the oxidized form 
of some compound, such as flavin, a heme, or a quinone. 
During anaerobiosis, ArcB senses the changes in the redox 
or energy state of the cytoplasmic membrane, transmits the 
signal by activating ArcA. The activated ArcA will then 
repress some target operons such as eyo and activates 
other target operons such as eyd. As in other two-
component ' systems, the sensor ArcB responses by 
autophosphorylation while the signal communication was 
carried out by phosphoryl group transfer (Iuchi et al., 
1989a). The suggested model for the arc regulatory system 
is shown in Figure 6~ 
areA, as a regulator gene, also pairs wi th the epxA 
sensory gene in another two-component regulatory system. 
CpxA senses the sexual state, shifts the areA product to 
an active form, and affects the expression of the conjugal 
fertility functions (F-pilus synthesis). Thus ArcA, a 
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Figure 6. 
~~~--~--~---~--:~A(cA-P----(--)")~ Aerobic Respiration Genes 
(+1; E:lcept ional Genes 
A mode 1 for the are regu 1 atory system. Aerobi c 
respi rat ion is depi cted by the sequent i a 1 react ions in 
the plasma membrane. S~ is a substrate (e.g. J 
succi nate) of a pri mary dehydrogenase. X represents an 
unidentified intermediate of the respiration process (or 
a compound linked to the process by a redox reaction). R 
represents the reduced form J and 0 represents the 
oxidized form. The X(R) is shown acting as the direct 
signa 1 for ArcB. The st i mu 1 ated ArcB then undergoes 
autophosphorylation and communicates the signal to ArcA 
by transfer of the phosphoryl group. ArcA-P then becomes 
a transcriptional repressor (-) or activator (t) of 
promoters of the are modu 1 on. The eyo and the let 
operons are members of the fami 1 y of repress i b 1 e target 
operons J whereas eyd is a member of the family of 
activatable target operons (from Iuchi et al. J 1989) 
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cytoplasmic regulatory protein, is involved in both the 
anaerobic repression of aerobic genes 
activation in E. coli (Iuchi et al., 
and the fertility 
1989b) . Guest et 
a1.(1990) summarized the relation between ArcA, ArcB and 
CpxA (Figure 7). The term 'regulon' that describes a 
group of operons under the control of a common effector 
and regulatory protein (Maas and Clark, 1964) cannot 
sufficiently describe these systems. arc 'modulon' as 
proposed to describe a set of operons or regulons that are 
under the transcriptional control of the ArcA regulatory 
protein (Iuchi and Lin, 1988). 
Both ArcA and FNR can be converted to their functional 
forms with the depletion of oxygen (Iuchi and Lin, 1988; 
Unden et al., 1990) . Their coordination in gene 
expression has been studied in cytochrome 0 oxidase 
(encoded by cyo) and cytochrome d oxidase (encoded by cyd) 
in E. coli. cyo is induced in abundant 02 and cyd is 
stimulated by 02 limitation under microaerobic conditions. 
Mutations in arcA greatly lowered $( cyd-1ac) expression 
under all conditions while mutations in fnr lowered <p( cyd-
lac),. expression under microaerobic and aerobic condi tions. 
An arcA-fnr double mutant results in insignificant level 
of cyd expression under all conditions (Fu et al., 1991). 
It is suggested that the two activators compete 'for the 
transcription complex in stimulating the transcription of 
<p( cyd-1ac) and that FNR competes less effectively than 











~ .. .. .. . .:: . . ~ Anaerobic repression 
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k""R' R' I ---~ 
ecelver egu afor Fertility activation 
Aerobic respiration control and the relation between 
ArcAJ ArcB and CpxA. Schemat i c representat i on of the 
components and domains of the ArcAB and CpxA-ArcA ~ignal 
transducing systems that control anaerobic repression and 
fertility activation in E. coli (from Guest et al.) 1990) 
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concentration of FNR rises more steeply than ArcA. As a 
result, the FNR transcriptional complex becomes 
predominant and activation of $(cyd-1ac) becomes less 
effective and this explains the peak expression of the 
operon under microaerobic conditions (Fu et al., 1991). 
In another study using 1aeZ fusion of eyoABCDE and eydAB 
operons, FNR was suggested to be an anaerobic repressor of 
eydAB requiring a functional ArcA whereas ArcA served as 
an activator of cydAB expression under aerobic and 
anaerobic growth conditions (Cotter and Gunsalus, 1992). 
Al though ArcA has a role in the repression of aerobic 
genes 
role 
under anaerobic growth 







(1990a) due to the observation that mutations in areA or 
areB led to the reduction of aerobic and anaerpbic 
expression of $(cyd-lae). 
2.3. Molecular Analysis of Promoters 
Two approaches have been used to elucidate the 
functional sequence of the promoter of interest. The 
first one involves the compilation and analysis of the 
promoter DNA sequences of a number of operons which are 
under a common regulation whereas the second approach 
involves the in vitro mutagenesis of the promoter sequence 
and the effect of such mutations on the expression of the 
promoter. 
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With the use of the first approach, two conserved 
regions in the promoters of Escherichia coli genes at 
about 35 and 10 base pairs upstream from the 
transcriptional startpoint were first identified by 
comparing relatively few promoters (Pribnow, 1975; 
Schaller et al., 1975) Later, 263 promoters with known 
transcriptional startpoints for E. coli were compiled and 
analyzed. Promoter elements (-35 region, -10 region and 
the spacing between these two regions) were aligned by a 
program which selected the arrangement consistent with the 
startpoint and statistically most homologous to a 
reference list of promoters reported by Hawley and McClure 
(1983). Harley and Reynolds (1987) again reported a high 
degree of conservation in the -35 (TTGACA) and -10 
(TATAAT) region with inter-region spacing of 16 to 18 base 
pairs. 
By comparing 5' 
dependent genes: 
non-coding regions of fnr and 4 fnr-
fumarate reductase (frdA) , nitrite 
reductase (nirB) , 
(aspA) , the first 
(Spi~o and Guest, 
ni tra te reductase (narG) 
FNR consensus sequence 
1987). The following 
and aspartase 
was reported 
is the FNR 
·consensus sequence proposed by Spiro and Guest (1987). 
5 'A.---TTGA----TAT'CAAT-A. 
The consensus was based on the occurrence of at least four 
matches at each position. With the sequencing and 
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comparison of more fnr-dependent genes, Eiglmeier and his 
colleagues (1989) reported a different consensus sequence: 
5 I G--AAA-TTGAT----ArrCAA.-TTT--C 
The problem in this approach of promoter sequence 
analysis is that much information of related promoter DNA 
sequences must be gathered before obtaining a consensus. 
Therefore, this approach will encounter difficulties when 
dealing with promoters .. with less information. Oliphant 
and Struhl (1988) suggested a third approach random 
selection - in defining the sequence requirements of a 
genetic element. In this approach, instead of analyzing 
naturally occurred wild-type promoters, a large collection 
of recombinant DNA molecules is constructed by replacing 
the wild-type promoter element with random-sequence 
oligonucleotides. Clones that confer the function of the 
wild-type element are screened out. DNA sequences that 
satisfy that particular screening method are compared and 
a consensus that define the genetic elements is obtained. 
By this random selection method, functional -10 and -35 
promoter elements of E. coli from random DNA sequences 
were selected. The consensus sequences determined by this 
approach were similar to those determined by comparing 
naturally occurred E. coli promoters' DNA sequences 
(Oliphant and Struhl, 1988). 
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,Many molecular techniques have been developed for the 
analysis of promoters: SI nuclease mapping, primer 
extension and footprinting. The first two techniques help 
in defining the transcriptional startpoint while the 
latter technique map the protein binding site in DNA. It 
can be used to define the DNA binding site for the RNA 
polymerase. 
2 . 3 . 1 . SI Mapp i ng 
In SI mapping, the 5' end-labeled promoter-containing DNA 
fragment was allowed to hybridize with mRNA isolated from 
the organism. The DNA-RNA hybrid was trea ted wi th SI 
nuclease. The 3' protruding end of the DNA template and 
the 3' protruding end of the mRNA, if present, was removed 
by the single-strand specific action of the SI nuclease. 
The protected fragment was analyzed on DNA-sequencing gel 
adjacent to sequence ladders produced with the same end- ' 
labeled DNA fragment. With the use of SI mapping, the 
transcription startpoint of the fnr promoter was defined 
(Shaw and Guest, 1982; Shaw et al., 1983). However, the 
resolution of this technique was low and therefore can 
only give a rough estimation of the transcription 
startpoint. 
2.3 .2. Primer Extension, 
Short 5' end-Iabeled oligonucleotides located downstream 
to the promoter were allowed to hybridized with the mRNA. 
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The hybridized DNA oligonucleotides served as primers and 
were allowed to extend by reverse transcriptase with the 
addi tion of the four deoxynucleoside triphosphates. 
Reverse transcriptase extended the 3' end of DNA primers 
until it reached the 5' end of the template RNA. The 
extended product was analyzed on DNA sequencing gel as in 
the case of SI nuclease mapping. The 5' end of the mRNA 
and hence the transcription startpoint could be determined 
(Figure 8). Experimental details of the technique will be 
described in the section ' of Materials and Method. 
Eiglmeier et al., (1989) reported the use of this technique 
in determining the transcriptional startpoint of fnr gene 
of E. coli. 
S'ACTTACTTGCTCCCTAAAAAGTAGTTAAAATTGACAAATATCAA 
The transcriptional startpoint was shown in boldface. It 
was located at 26 base pair upstream of the structural 
gene. 
2.3 .. 3. DNaseI Footprinting 
Footprinting can be used to determine the binding 
location of a protein on DNA. The DNA fragment was first 
radioactively labeled on one end. After the binding of a 
protein to the DNA fragment, the protein-DNA complex is 
treated with DNaseI so that about one cleavage is made per 
DNA molecule. DNaseI is a non-specific double strand 
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Schematic presentation of Primer extension 
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endonuclease and randomly cuts the DNA fragment except at 
the region bound by the protein. Fragments of unequal 
length are resulted. The bound protein protects the DNA 
fragment from DNase cutting and therefore no fragments 
appear of the size corresponding to the distance from the 
labeled end of the DNA to the protein. Often, the same 
DNA fragment is subjected to chemical DNA sequencing and 
electrophoresed in parallel with the footprinted DNA. 
DNaseI footprinting was used to demonstrate target-
specific in vitro binding of FNR to DNA providing direct 
in vitro evidence for the confirmation of FNR binds to the 
site deduced from in vivo studies (Sharrocks et al., 
1991). The DNaseI and methylation-protection footprinting 
reactions demonstrated the formation of a specific FNR-DNA 
complex. The DNaseI footprint showed a large region of 
protection (-54 to -31) reaching over the FNR-binding site 
with its core motif, -TTGAT----ATCAA- (-49 to -34). The 
conserved GC base pair in the -TTGAT- was demonstrated to 
be essential in the FNR-DNA complex (Green et al., 1991). 
2.3.A. Mutational Analysis of Promoters 
As discussed by Botstein and ShortIe (1985), the 
primary reason for the isolation of mutations is to assess 
the consequences or the resulted phenotype of these 
mutations. Mutations can be obtained by in vivo 
mutagenesis - using ultraviolet light, x-ray, or chemical 
compounds such as nitrosoguanidine and nitrous acid 
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(Mi 11er , 1972). Mutations can also be obtained by the 
more precise in vitro mutagenesis such as localized random 
mutagenesis, oligonucleotide directed mutagenesis and DNA 
segments restructuring (Botstein and ShortIe, 1985). 
Polymerase chain reaction is an important technique in 
Molecular Biology for the amplification of DNA fragments. 
It is also used in the construction of mutants site-
directed mutagenesis by overlap extension using the 
polymerase chain reaction (Ho et al., 1989). 
Theoretically, complementary oligonucleotide primers (with 
mutation) and polymerase chain reaction are used to 
generate two overlapping DNA fragments. 
ends are allowed to anneal and the 3' 
The overlapping 
overlap of one 
strand serves as the primer for the 5' to 3' extension of 
the complementary strand. Polymerase chain reactions are 
then carried out again. The amplified DNA fragments 
contain the desired mutation. With slight modification, 
the technique can be applied in the construction of 
insertiona1 mutations as well as deletion mutations. 
Random point mutations (single point mutations or one 
base . pair deletions) were introduced into the promoter 
sequence of the nirE gene which encodes NADH-dependent 
ni trite reductase apoenzyme. The effects of such 
mutations on the anaerobic induction of the promoter were 
studied. Mutations on -10 sites caused decrease in both 
the expression in aerobic and anaerobic growth conditions 
and the anaerobic induction was totally removed. 
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Mutations at the FNR-binding site resulted in a decrease 
in reduced induction (Jayaraman et al., 1989). 
The relation between the genetic structures and the 
functions of genetic elements is essential for 
understanding and predicts the biological phenotypes. The 
sequence requirements for a specific function can be 
established by comparing several genetic elements required 
for that function. Commonly found aspects of a genetic 
element are said to form a consensus (Oliphant and Struhl, 
1988) . However, there· is no one single method which is 
the best in the analysis of promoters. They should be 
used in cooperation, direct molecular analysis needs 
consensus compilation to give basis for further analysis 
while consensus compilation needs molecular analysis to 
confirm and complete the whole picture of a gene. 
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3. Materials and Methods 
3.1. Bacterial Strains and Plasmids 
The bacterial strains and plasmids used in the study 
are listed in Table 1. 
3.2. Media 
Bacterial cells were grown in Luria-Bertani (LB) 
medium which, per liter, contained 109 Bacto-tryptone, Sg 
yeast extract and 109' NaCI. Ampicillin was added at 
SO~/ml when it was needed. 
Agar plates contained lSg/1 Bacto-agar. 
Minimal (M9) medium contained, per liter, 6g Na2HP04' 
3g KH2P04, O. Sg NaCI and 19 NH4C1 and after autoclaving, 
1ml lM MgS04. 7H20, 10ml O. OlM CaCl2 and 10ml 20% Carbon 
source was added. 
LB-MES-KOH (pH6. 5) medium (Fasciano and 
1991) was LB medium buffered (pH6.S) with 
Hallenbeck, 
80mM 2-(N-
morpholino)ethanesulfonic acid (MES). It was prepared by 
adding, per liter, lS.6l6g MES to the LB medium and the pH 
was -adjusted to pH6.S with KOH. When supplemented with 
glucose (0.2%) or xylose (lOOmM), LB-MES-KOH was used as 
rich medium in growing cells for ~-galactosidase assay. 
2YT medium, per liter, contained l6g Bacto-tryptone, 
109 Bacto-yeast extract and Sg NaCl was used to grow M13 
phages in Escherichia coli JMlOl. 
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Table 1. List of bacterial strains and plasmids 
Strain Genotype Source or Reference 
Salmonella typhimurium LT2 derived strains 
JR501 
HSK1534 
hsdSA29 hsdSB121 hsdL6 . 
metA22 metE551 trpC2 
i1v452 Hl-b H2-e nix 
f1a66 nm1 rpsL120 
xy1404 ga1E719 
As JR501 but with pFS34 





hsdR hsdM" hsdS 
araD139 (ara-1eu) 7697 
(lac)x74 ga1U ga1K 
rpsL( str) 
supE thi (lac-proAB) 
F ' [traD3 6 proA+ proB+ 
1acIQ 1acZ MI5] 
Apr, F' lac replicon, 
·1 a czt Y'" A+ 
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Tsai et al., 1989 
Wong, 1990 
Koop et al., 1987 
Yanish-Perron et 
al., 1985 
Koop et al., 1987 
SOB medium was used to prepare competent cells for 
transformation. It contained, per liter, 20g Bacto-
tryptone, Sg Bacto-yeast extract, O.Sg NaCl, 2.SmM KCl and 
after autoclaving, Sml 2M MgClZ was added. SOC medium was 
SOB medium containing 200mM glucose. 
Bacto-tryptone, Bacto-yeast extract and Bacto-agar 
were purchased from the Difco Laboratories, Michigan, 
U.S.A. Antibiotics were purchased from the Sigma Chemical 
Company, St. Louis, U.S.A. and other chemicals were 
purchased from E. Merck,. Darmstadt .. 
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3 .3. Solutions 
3 . 3 . 1 . 0 . 5M EDTA (pH 8. 0 ) 
186.lg Na2EDTA.2H20 (disodium ethylene-diamine 
tetraacetate, dihydrate) was dissolved in 700ml distilled 
water and the pH was adjusted to 8.0 with ION NaOH and the 
volume was adjusted to I liter by distilled water. 
3.3.2. IM Tris-HCl (pH 8.0) 
12lg Trizma base was dissolved in 800ml distilled water 
and the pH was adjusted to 8.0 with concentrated HCI and 
the volume was adjusted to I liter with distilled water. 
3.3.3. TE buffer (pH 8.0) 
consisted of 10mM Tris-HCI and ImM EDTA, per li ter, was 
prepared by diluting a stock solution of IM Tris-HCI 
buffer (pH 8.0) and O.SM EDTA (pH 8.0). 
3.3.4. SET buffer (pH 8.0) 
ISOg sucrose, SOml IM Tris-HCI (pH 8.0) and 100ml · 0.5 M 
.EDTA (pH 8.0) in 1 liter of double-distilled water. 
3.3.5. 5x TBE Electrophoresis buffer 
54g Tris base, 27. 5g boric acid and 2ml O. SM EDTA were 
dissolved in distilled water and the volume was adjusted 
to l -·liter. 
3.3.6. 3M Sodium acetate (pH 4.8) 
408g sodium acetate.3H20 was dissolved in 700ml distilled 
water and the pH was adjusted to 4.8 with glacial acetic 
acid and the volume was adjusted to 1 liter . 
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3.3.7. 20% Acrylamide Stock 
48.25g acrylamide, 1.675g bis and 115g urea were dissolved 
in distilled water and the volume was adjusted to 250ml. 
3.3.8. Alkaline Lysis buffer 
was O. 2N NaOH and 1% SDS. Alkaline lysis buffer was 
freshly prepared by diluting 1ml 2N NaOH and 0.5ml 20% SDS 
to lOml with distilled water. 
3.3.9. Gel-loading buffer 
consisted of 0.25% bromophenol blue, 0.25% xylene cyanol 
and 30% glycerol in distilled water. 
3.3.10. RF1 buffer (pH 5.8) 
12g RbC12, 9.9g MnCl2.4H20, 1.5g CaCl2.2H20, 150g glycerol 
and 30ml lM potassium acetate (pH 7.5) were dissolved in 
distilled water and the pH was adjusted with 0.2M acetic 
acid to 5.8 and the volume was brought to 1 li ter by 
distilled water. 
3.3.11. RF2 buffer (pH 6.8) 
1.2g RbCl2' llg CaCl2.2H20, 150g Glycerol and 20ml O.SM 
MOPS (pH 6.8) were dissolved in distilled water, pH was 
adjusted to 6.8 with NaOH, and the volume was brought to 1 
lit~r with distilled water. 
3.3.12. lax Sl buffer 
5.0ml 5M NaCl, 1.1ml 3M potassium acetate (pH 4.5), 5.0ml 
glycerol and 20.0~l 1M ZnS04 were mixed together. 
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3.3.13. Sl Stop mixture 
consisted of O. 3M Tris base and SOmM EDTA (pH 8.0). The 
mixture was prepared by mixing lSml of lM Tris base, Sml 
of O.SM EDTA (pH 8.0) and 30ml double-distilled water. 
3.3.14. Sl Reaction mixture 
27~ll 10x SI buffer and 60 units SI Nuclease (Amersham 
International plc., England, U. K.) were mixed with l72~1 
double-distilled water. 
3.4. Small scale preparation of plasmid DNA 
The protocol was a modification of the method of 
Birnboim and Doly (1979). A single bacterial colony was 
inoculated into Sml of LB broth containing the appropriate 
antibiotic and was grown at 37°C overnight. The bacterial 
culture (I.Sml) was transferred into an Eppendorf tube and 
centrifuged for 1 minute. The bacterial pellet was 
resuspended into 100~1 TE buffer. Five ~l DNase-free 
RNase A (Sigma Chemical Company, St. Louis, U. S. A.) 
(lOmg/ml) was added and was left on ice for 10 minutes. 
Freshly prepared Alkaline lysis buffer (200~1) was added 
and mixed gently by inverting the tube for several times 
until lysis of cell observed. The clear lysate was then 
incubated on ice for S minutes and then 2S0~1 3M sodium 
acetate (pH 4.8) was added. The mixture was mixed by 
inverting the tubes several times until white precipitate 
was observed. ' The tube was stored on ice for 10 minutes. 
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The precipitate was pelleted by centrifugation for 5 
minutes at 4°C and the supernatant was transferred to a 
fresh tube. An equal volume of phenol:chloroform:isoamyl 
alcohol (25: 24 : 1) was added and was mixed by vortexing. 
After centrifuging for 5 minutes, the supernatant was 
transferred to a fresh tube. Two volumes of absolute 
ethanol, or alternatively, 0.6 volume of isopropanol was 
added. The tube was left at room temperature for 5 
minutes and then the DNA was precipitated by centrifuging 
at room temperature for io minutes. The pellet was washed 
wi th 80% ethanol and the pellet was dried in a vacuum 
dessicator. The plasmid was resuspended in 10~1 double-
distilled water. 
3.5. Large scale preparation of plasmid DNA 





containing the appropriate 
with a single colony of the 
bacterium containing the desired plasmid. 
grown at 37°C overnight with shaking at 
The culture was 
200rpm. Rapid 
small scale preparation of plasmids was then done to check 
for the presence and the size of the plasmid before the 
large scale preparation of plasmid DNA. One ml of the 
culture was inoculated into 500ml LB medium containing the 
appropriate antibiotic in a 2-1 flask and was grown 
overnight at 37°C with vigorous shaking. For the low copy 
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- number plasmid, pFZYl, 200~/ml of ampicillin was added to 
the LB medium. 
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3.5.2. Lysis by Alkali. 
The procedure was essentially the same as described by 
Maniatis et al. (1982). Bacterial pellet from each 500ml 
culture was resuspended in 10ml of solution I (50mM 
glucose, 25mM Tris-HCl at pH8.0 and 10mM EDTA) containing 
5mg/ml lysozyme. The bacterial suspension was transferred 
to a polyallomer tube and was allowed to stand at room 
temperature for 5 minutes. Twenty ml of freshly prepared 
solution 11 (0.2N NaOH and 1% SDS) was added and was mixed 
gently by inverting the tube several times. The mixture 
was kept on ice for 10 minutes. Fifteen ml of ice-cold 3M 
sodium acetate (pH4.8) was added and was mixed by 
inverting the tube several times. After 10 minutes on 
ice, the mixture was centrifuged at 20000rpm for 20 
minutes at 4°C. The supernatant was transferred to 30ml 
Corex tubes and was extracted by an equal volume of 
phenol:chloroform:isoamyl alcohol (25:24:1). The mixture 
was centrifuged at 20000rpm for another 20 minutes at 4°C. 
The supernatant was transferred to another 30ml Corex 
tubes and 0.6 volume of isopropanol was added. The 
mixture was allowed to stand at room temperature for 15 
minutes. The DNA was recovered by centrifugation at 
20000rpm for 30 minutes at room temperature. The 
supernatant was discarded and the pellet was washed with 
70% ethanol. The pellet was dried in a vacuum desiccator. 
The pellets were dissolved in a total volume of 4ml TE (pH 
8.0) . If ·more than 500ml cui ture was used, they were 
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processed separately and pooled after resuspension with TE 
(pH 8. 0) . 
3.5.3. Purification of Closed Circular DNA by Cesium 
Chloride Gradient Equilibrium centrifugation. 
To each ml of DNA solution, 1 g of molecular grade 
ultra-pure CsCl (United States Biochemical Corporation, 
Ohio, U.S.A.) was added. After the CsCl was dissolved, 
O.4ml 10mg/ml ethidium bromide solution was added. The 
density of the solution was measured by weighing lml of 
the solution and the density of the DNA solution was 
adjusted to a density of 1.55 to 1.59g/ml. The CsCl-EtBr 
DNA solution was transferred to a 5.1-ml Quick-Seal tube, 
which was sealed and was balanced with another tube 
containing cesium chloride solution of the same densi ty. 
The tube was centrifuged in Beckman Type NVT90 rotor at 
70000rpm for 4.5 hours at 20°C. After centrifugation, the 
plasmid band was collected using a 5-ml syringe and a 19-
gauge needle. Equal volume of water-saturated I-butanol 
was added and the two phases were mixed. The mixture was 
centrifuged at 3000rpm for 3 minutes at room temperature. 
The -.lower aqueous phase was transferred to a clean glass 
tube and the extraction was repeated for 4-6 more times 
until the pink color disappeared from the aqueous 
solution. The plasmid DNA was precipi tated by adding 2 
volumes of TE buffer and 6 volumes of absolute ethanol. 
Alternatively, the butanol-extracted DNA solution was 
transferred to Centricon-30. The Centricon tube was 
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centrifuged at 3000rpm for 30 minute and washed with 1ml 
of double-distilled water. The concentration of DNA was 
determined by its absorbance at 260nm (1 O.D.260nm = 
SOmg/ml) . 
3.5.4. Digestion of DNA with restriction endonucleases 
For 20~1 reactions typically contained O.2-1~g of DNA, 
DNA solution was mixed with double-distilled water to give 
a volume of 18~l. Two ~l of the approproate 10X digestion 
buffer was added and was mixed by tapping the tube. At 
least 1 unit of the restriction enzyme was added and the 
mixture was incubated at the appropriate temperature for 
the required period of time. The reaction was stopped by 
heating at 65°C for 15 minutes (when heat-sensitive 
restriction enzymes were used), by the addi tion of 0.1 
volume of 0.2M EDTA (pH 8.0) or by phenol extraction 
followed by ethanol precipitation (when heat-insensi tive 
restriction enzymes were used and when the restricted DNA 
was to be purified). Restriction endonucleases used were 
purchased from New England Biolabs Inc., U.S.A., Amersham 
International plc., U. K. or Promega Cooporation, Madison, 
U. SO. A. 
3 . 6. Analysis of DNA samples with agarose gel 
electrophoresis 
Generally, 0.7% agarose (Bio-Rad Laboratories.) gel 
was used for analyzing DNA fragments sized from 0.8-10kb 
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while 2% agarose gel was used for analyzing DNA fragments 
sized from 0.1-3. Okb. For the analysis of PCR-amplified 
DNA samples, 3% agarose gel containing 2% NuSieve agarose 
(FMC Bioproducts, ME, U.S.A.) and 1% Seakem agarose (FMC 
Bioproducts, ME, U.S.A.) was used. The gel was prepared 
and electrophoresed with Ix TBE buffer. 
For electrophoresis, 10~l of the DNA sample was mixed 
with 2~l of 6x gel loading buffer containing 0.25% 
bromophenol blue, 0.25% xylene cyanol and 15% Ficoll (type 
400) in H20. The sample was applied slowly to the sample 
well of the pre-casted agarose gel using an automatic 
micropipettor. HindIII-digested Lambda DNA fragments were 
used as DNA size markers. For small sized DNA fragments, 
MspI-digested pBR322 DNA fragments purchased from New 
England Biolabs, were used as DNA size markers. 
was run at voltage of 1 to 10 V/cm of the 
The gel 
gel. The 
process of separation was monitored · by the migration of 
the tracking dyes. 
The DNA was visualized by staining with ethidium 
bromide. After electrophoresis, the agarose gel was 
immersed in water containing ethidium bromide (0. 5J.lg/ml) 
at room temperature for 45 minutes. If necessary, 
destaining of the agarose gel was done by soaking the 
agarose gel in 1mM MgS04 solution at room temperature for 
1 hour. Alternatively, ethidium bromide (O.5~lg/ml) was 
added into both the gel and the running buffer. 
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The agarose gel was illuminated by UV 
transilluminator. The ethidium bromide-bound DNA 
fluoresced and was photograpned with Polaroid MP4 camera 
with Polaroid type 667 film (ASA 3000). 
3.7. Cloning of DNA fragments from nest-deleted M13mp18 
clones to pFZYl 
The DNA fragment was amplified from the M13mp18 clones 
by polymerase chain reaction using the protocol described 
in the section of Screening of Nest-Deleted clones of 
M13mp18 using Polymerase Chain Reaction except that the 
pair of primers used were M13 sequencing primer and EXT-
M13RS primer: 
5'-CGGAATTCGAGCTCGATAACAATTTCACACAGGA-3' (34 mer) 
and the volume used was 100~1. The mineral oil was 
removed by extraction with chloroform. Fifteen ~l of the 
PCR product was mixed with 5~1 (0.2~g) of pFZY1, extracted 
once with phenol:chloroform:isoamyl alcohol (25:24:1), and 
precipitated by adding 0.1 volume of 3M sodium acetate (pH 
5.2) plus 0.6 volume of isopropanol. The DNA pellet was 
washed with 70% ethanol, vacuum dried and dissolved in 16~ 
1 double-distilled water which was added with 2~1 of 10X 
NEB buffer 2, IOU of HindIII and IOU of EcoRl. After 
incubating overnight at 37°C, the mixture was phenol-
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extracted and ethanol-precipitated. The pellet was 
dissolved in l7~ll of double distilled water and 2~ll of 10x 
NEB ligation buffer. The mixture was heated at 50°C for 
10 minutes and was cooled slowly to room temperature. T4 
DNA ligase (40U) was added and the mixture was incubated 
at 16°C for 18 hours.' After incubation, the mixture was 
heated at 65°C for 15 minutes to inactivate the T4 DNA 
ligase, and 3~ll of 10X NEB buffer 2 with IOU of BamHl 
restriction enzyme was added. The mixture was incubated 
overnight at 37°C and phenol-extracted, ethanol-
precipi ta ted and re suspended in 10JlI of double-disti lIed 
water. Two JlI of this DNA solution was used for one 
transformation. 
3.8. Introduction of plasmids into cells 
3.8.1. Heat shock transformation 
3.8.1.1. Preparation of competent cells (1) (Hanahan, 
1985) 
Several 2-3mm diameter colonies were picked off from a 
freshly streaked SOB agar plate and were dispersed in lml 
SOB medium. One ml of this suspension was inoculated into 
100ml SOB in a l-liter flask. The cells were grown at 
37°C with shaking at 200rpm to a density of 4-7xl07 
cells/ml. The cells were collected in a 250-ml 
polypropylene centrifuge bottle and chilled on ice for 10-
15 minutes. The cells were pelleted by centrifugation at 
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1000g for 15 minutes at 4°C. The medium was drained. The 
pellet was re suspended in 30ml (1/3 of the original 
volume) RF1 buffer, incubated on ice for 15 minutes and 
pelleted again. 
of the original 
The cells were resuspended in Bml (1/12.5 
volume) RF2 buffer. The cells were 
chilled on ice for 15 minutes, distributed in 200~1 
aliquots into chilled 1.s-ml Eppendorf tubes. After 
freezed in liquid nitrogen, they were stored at -70°C. 
3.B.1.2. Preparation of competent cells (11) 
Several colonies of Escherichia coli MC1061-s, JM101 
or Salmonella typhimurium JRs01 were inoculated into sml 
of LB medium. The culture was grown at 37°C overnight 
aerobically in the rolling drum and this culture was 
inoculated into 5ml LB and the culture was grown at 37°C 
aerobically in the rolling drum for 2 hours until the 
O.D. 6oo reached 0.2. The cells were collected by 
centrifuging at 3000rpm for 10 minutes. The pellet was 
re suspended in 2. 5ml ice-cold sterilized O.lM CaC12 and 
left on ice for 30 minutes. The cells were pelleted at 
3000rpm and resuspended in O.lml ice-cold sterilized O.lM 
CaC12. Plasmid DNA (5~1, SO-100ng) was added to the cell 
suspension and gently mixed. After incubation on ice for 
30 minutes, the suspension was transferred to a 42°C water 
bath and was allowed to incubate for 90 seconds. Three °ml 
LB medium was added and mixed well. The bacterial 
suspension was incubated aerobically at 37°C for 30 
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I . 
minutes, collected by centrifugation, appropriately 
diluted and plated onto selective agar plates. 
3.8.1.3. Transformation 
Frozen competent cells were thawed at room temperature 
until the cell suspension was just liquified. The tubes 
were then placed on ice and less than 20~1 of the DNA 
solution was added to the 200Jll of the competent cells, 
mixed evenly and incubated on ice for 30 minutes. The 
cells were heat shocked at 42°C for 3 minutes and chilled 
in crushed ice for 2 minutes. sac medium (800~1 ) was 
added and the suspension . was incubated at 37°C for 30 
minutes. The transformed cells were spreaded onto 
selective plates. 
3.8.2. High efficiency transformation by Electroporation 
(Dower et al., 1988) 
3.8.2.1. Preparation of electro-competent cells 
Ten ml fresh overnight culture of E. coli MC1061-5 was 
inoculated to 1 liter LB broth. The cells were allowed to 
grow to OD 600 of 0.5 to 1 at 37°C with shaking at 200rpm. 
The flask was chilled in ice for 15 to 30 minutes and then 
cent-rifuged at 6500rpm for 15 minutes in a cold rotor. 
The bacterial pellet was re suspended in 1 liter of cold 
1mM Hepes and again centrifuged. The pellet was washed 
with 0.5 liter of cold 1mM Hepes, centrifuged, and 
resuspended in 20ml of 10% glycerol. The cells were 
centrifuged, resuspended in 2 to 3ml of 10% glycerol, 
distributed in aliquots of 40~1 and stored at -70o C. 
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3.8.2.2. Electro-transformation 
Before electro-transformation, the frozen competent 
cells were thawed and kept on ice. One to 2ml of DNA was 
mixed with 40~1 of cell suspension and chilled on ice for 
1 minute. A Gene Pulser apparatus (Bio-Rad) was set at 
the selected settings. When O.2cm electroporation cuvette 
was used, the Gene Pulser apparatus was set at 2s~F and 
2.SkV. The resistance was set at 200W. The mixture of 
the cells and DNA was transferred to a cold, O.2cm 
electroporation cuvette~ The suspension was then shaken 
to the bottom of the cuvette. It was placed in the 
chilled safety chamber slide and the slide was then pushed 
into the chamber until the cuvette was seated between the 
contacts in the base of the chamber. 
time constant of 4.5 to smsec 
The pulse wi th a 
was applied once. 
Immediately lml of SOC medium was added to the cuvette and 
the cells were quickly resuspended. The cell suspension 
was transferred to a l7xlOOmm polypropyrene tube and 
incubated at 37°C for 1 hour. The cell suspension was 
plated onto selective medium. 
3.9. DNA sequencing by Chain Termination method 
3.9.1. Preparation of single-stranded M13 template for 
sequencing reaction 
A phage solution of lOO~1 and lsOml E. coli JMIOl 
cuI ture (log phase) were added to Isml 2YT medium in a 
I 
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150ml Eryemeyer flask. 
and 37°C for 6 hours. 
phage solution was 
The culture was shaken at 200rpm 
The cells were pelleted and the 
checked by the direct gel 
electrophoresis method. One ml phage solution was 
transferred to a 1.5ml Eppendorf tube. DNase and RNase 
(both purchased from Sigma Chemical Company, St. Louis, 
U.S.A.) were added to concentrations of l~/ml and 5~g/ml, 
respectively. The phage suspension was digested wi th 
these enzymes at 37°C for 1 hour and PEG solution (5X, 
250~l) was added. Left on ice for 2 hours and centrifuged 
at 4°C for 10 minutes. The supernatant was carefully 
removed. The pellet was resuspended in 100~ll TE and 
extracted wi th 100~l neutalized phenol. The mixture was 
incubated at 65°C for 15 minutes and centrifuged. The 
aqueous phase was transferred to another Eppendorf tube. 
The phenol phase was back extracted wi th 100~ll TE. The 
aqueous phases were combined and extracted 3 times wi th 
chloroform/isoamyl alcohol. To 200~ll aqueous phase, 20~ll 
3M sodium acetate (pH 4.8) and 550~l absolute ethanol was 
added and mixed well. The mixture was kept in -20°C 
overnight and then centrifuged at 13000rpm and 4°C for 15 
minutes. The pellet was washed wi th cold 80% ethanol, 










electrophoresis and 10~l was used for sequencing reaction 




reaction using Single-stranded 
The T7 polymerase sequencing kit (Pharmacia) was used 
according to the manufacturer's instruction. 
Annealing reaction. Ten Jll M13 single-stranded DNA 
template (1-2~~) was mixed with 2Jll annealing buffer and 2 
Jll Universal sequencing primer or ArcA-cds primer or ArcA-
usp primer (5mM) in an Eppendorf tube. After heating at 
65°C for 10 minutes, the mixture was allowed to cool to 
room temperature. 
Labelling reaction. Three Jll labelling mix and 1Jll 
[rx- 35S]dATPcxS (10~lCi) was added to the annealed template 
and primer. 2Jll (3 units) 1/5x diluted T7 polymerase was 
added to the side of the Eppendorf tube. The labelling 
reaction was started by centrifuging the enzyme into the 
mixture. The mix was then incubated at room temperature 
for 3 minutes. 
Termination reaction. After 3 minutes' incubation at 
room temperature, 4 . 5 J.ll of the reaction mix was 
transferred to the tube wall of each of the four prewarmed 
sequ-encing mixes (2. 5J.ll each) labelled as G, A, T and c. 
Termination reactions were started by centrifugation and 
the mixtures were incubated at 37°C for 5 minutes. Five J.l 
1 stop solution was added to each tube, mixed and 
centrifuged. 
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3.9.3. Preparation of Polyacrylamide Gel for Sequencing 
The Sequi-Gen Nucleic acid Sequencing System (Bio-Rad) 
was used for sequencing. Before setting up the system, 
the glass plates of the gel apparatus were washed with 
absolute ethanol and dried. The glass plate of the 
Integral Plate/Chamber (IPC) was treated with Sigmacote (a 
siliconized solution from Sigma). This was done by 
spreading the solution evenly onto the glass plate with 
Kimwipe tissue paper and air dried. The glass plates with 
wedge spacers were assembled according to the 
manufacturer's instruction. For a 50 X 21 cm gel wi th 
wedge spacers (0.25-0. 7mm) , 70ml urea-acrylamide mix was 
used. in 46% urea solution. For a 7% polyacrylamide gel, 
7ml 10X TBE buffer was mixed wi th 28ml 20% acrylamide 
stock (20:1 acrylamide:bis-acrylamide) and the volume was 
made up to 70ml with 46% urea solution. Ammonium 
.persulfate (0.25g) was added. The urea-acrylamide mix was 
kept on ice and filtered through 0.45mm membrane filter. 
To seal the base of the assembled glass plates, 15ml urea-
acrylamide mix was transferred to a 50ml beaker, 50~ll 
TEMED was added, and poured evenly onto the filter paper 
that was placed on the rubber pad inside the casting tray. 
The glass IPC was inserted into the casting tray. After 
15 minutes, another 3ml of the mixture was transferred to 
the beaker and 10ul TEMED was added. The resulted mixture 
was applied to the narrow cavity in-between the two glass 
plates of ' the sequencing cell. After 15 minutes, 10ml 
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TEMED was added 
acrylamide mix. 
to the remaining 
The final mixture 
52ml of the urea-
was added into the 
narrow cavi ty in the cell and the sharktooth comb was 
inserted invertedly into the upper edge of the narrow 
space. The cell was tilted and the gel was allowed to 
polymerize. 
3.9.4. Electrophoresis of the DNA Samples 
The shark tooth comb was inserted between the glass 
plates to form sample loading wells. The samples were 
first heated at 80°C for 2 minutes, and 3J,ll was loaded 
onto the appropriate well. The gel was electrophoresed at 
1500 to l800V for 2 to 3 hours at 50°C. The 
electrophoresis process 
migration of the dyes 
Cyanol. 
was moni tored by observing the 
Bromophenol Blue and Xylene 
3.10. Construction of Nested Clones by Exonuclease III 
Unidirectional Deletions 
3.10.1. Unidirectional Nested Deletion of of M13mp18 
Clones 
Recombinant RF of ' M13mp18 containing arcA promoter was 
purified by CsCl centrifugation. Protective 3' overhang 
was constructed by digesting 5J,lg of M13mp18::arcA (p3418i) 
RF with 40U SacI (in 25J,ll reaction using 10x Universal 
buffer, Promega Corporation, Madison, U.S.A.) at 37°C for 
2 hours. After checking for complete digestion by agarose 
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gel electorphoresis, the enzyme was inactivated by heating 
at 6SoC for 20 minutes. Then, 15U of 5maI was added and 
the mixture was incubated at 30°C for 2 hours to make a 
blunt end. The enzyme was heat activated at 65°C for 20 
minutes. Exonuclease III (100U) was added and incubated 
at 30°C. The first five 2.SJ.ll-aliquots were removed and 
added directly to ice-cold SI reaction mixture at 1 minute 
interval and the rest were removed at 3 minutes interval. 
After incubation at 30°C for 30 minutes, 1J.ll of SI stop 
mixture was added to each mixture. The enzyme was further 
inactivated by heating at 70°C for 10 minutes and the 
samples were kept on ice until further treatment. Samples 
with the desired size range were pooled to a total volume 
of 10J.ll. One J.ll of Klenow mixture was added. After 
incubation at 37°C for S minutes, 1J.ll dNTPs (0.5mM each) 
was added and was further incubated at room temperature 
,for 15 minutes. Finally, 40J.ll ligation mixture was added 
and the mixture was incubated at 16°C overnight. The 
ligated product was then transformed into E. coli JMI01. 
3.10.2. Screening of Nested Clones by Direct Gel 
Electrophoresis 
A tube of 1.Sml 2YT medium was inoculated with a 
single plaque and was grown wi th shaking overnight at 
37 oC. One ml of the culture was transferred to an 
Eppendorf tube and centrifuged. The bacterial pellet was 
kept for Screening by Polymerase Chain reaction as 
described in the next section. A portion (20J.ll) of the 
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supernatant was mixed with 1~1 of 2% SDS and incubated at 
60°C for 30 minutes. Tracking dyes (4 ~l) were added and 
the sample was then analyzed by electrophoresis on a 0.7% 
agarose gel. 
3.10.3. Screening of Nested Clones of M13mp18 and pFZYl by 
Polymerase Chain Reaction 
Fifty ~l of TE buffer (pH 8.0) was added to the 
bacterial pellet, flicked loose and was then incubated at 
85°C for 10 minutes. The suspension was centrifuged at 
13000rpm for 10 minutes. The supernatant cO,ntaining the 
template for PCR. The reaction was performed in 5~1 
volume containing 4~1 polymerase chain reaction mix and l~ 
I of the supernatant. Each 5~1 reaction mixture contained 
0.5~ll 10x PCR reaction buffer, 0.5~ll dNTPs (2mM each), 
0.25~1 of each of two primer solutions (20~) and 0.125U 
Taq polymerase. The reaction mixture was layered with 
20~1 mineral oil and PCR was carried out in a Coy 
TempCycler model 50/60 using software 1.06 (Coy Laboratory 
Products Inc., Michigan, U.S.A.) for 35 cycles, each cycle 
consists of 1 minute at 94°C, 1 minute at 58°C and 2 
minutes at 72°C. The oligonucleotide primers (synthesized 
by Operon Technologies, Inc., California, U. S. A.) used 
for PCR were: 
1. M13 sequencing primer: 
5 t -CGCCAGGGTTTTCCCAGTCACGAC-3' 
57 
(24 mer) 
2. M13 reverse sequencing primer (-48) [M13REVERSE]: 
5'-AGCGGATAACAATTTCACACAGGA-3' (24 mer) 
3. pBR322 EcoRl clockwise extended primer [EcoRl-ext]: 
5'-TAGGCGTATCACGAGGCCCT-3' (20 mer) 
4. galK leader primer (54 bases from the HindIII site of 
pFZYl) [galk(-54)]: 
5 '-TACGGTGGCGGAGCGCAGCA-3 , (20 mer) 
5. ArcA-cds primer [ArcA-cds]: 
5 '-TCGTCTTCAACGATAAGAATGTGCGGGGTC-3 , (30 mer) 
6. ArcA-usp primer [ArcA-usp]: 
5'-GATGCATGTCGCAAATTAACATGATCGGCGTAAC-3' (34 mer) 
Primers 1, 2 and 5 were used for screening nest deleted 
M13mp18 clones. Primers 3, 4 5 and 6 were used for 
screening nest deleted pFZYl clones. 
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3.11. P-galactosidase assay 
The assay was similar to that described by Miller 
(1972). Strains to be assayed were grown overnight 
aerobically in test medium containing SO)lg/ml ampicillin 
for the maintenance of the plasmid. Overnight culture of 
the tested strains were inoculated into 4ml of test medium 
at an inoculation level of 1%. Aerobic cuI tures were 
grown in a rolling drum and the anaerobic cultures were 
incubated in an anaerobic jar at 37°C. After 6 hours t 
incubation, the cell density (A650 ) was measured against a 
test medium blank. The cultures were kept in ice and 
immediately prepared for enzyme assay. 
Toluene (7.5~l) was added'to O.Sml bacterial culture, 
vortexed vigorously for 15 seconds and was left at 37°C to 
evaporate the toluene. After 30 minutes, the toluenized 
samples were kept in ice. The reaction mixture containing 
-l.lml Z assay buffer and O.lml toluenized sample was 
equilibrated at 30°C. At time zero, 0.3ml ONPG (o-
nitrophenyl galactoside, 4mg/ml in O.IM phosphate buffer, 
pH 7.0) preincubated at 30°C was added to the mixture to 
start the reaction. ~hen yellow color was developed to an 
intensity sufficient to give an absorbance (A420 ) of 0.5 to 
0.9, the reaction was stopped by adding 0.75ml IM Na2C03 
to the reaction mixture, mixed and left on ice for at 
least 10 minutes before measuring the absorbance at 420nm 
with a lcm cuvette. 
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The activity of ~-galactosidase was calculated as 
follows: 
Since 0.1 ml of the toluenized sample was used and the 
final volume after the addition of 1M Na2C03 was 2.25ml, 
A420nm/ml of lysed cells = A420nm X 2.25/0.1 
Given that 1nmole/ml ONP ( o-ni tropheno 1 ) gives an 
absorbance of 0.0045 at 420nm, number of nmole of ONP 
produced per ml of cells can be expressed as: 
nmole of ONP/ml = (A420nm/ml)/0.0045 
Rate of formation of ONP was thus: 
nmoles of ONP/ml/min = (nmole of ONP/ml)/incubation time in min 
The ~-galactosidase specific activity was expressed as: 
nmoles ONP/ml/min 
A650nm 
3.12. Primer Extension 
. 3.12.1. Preparation of Total RNA from Gram-negative 
Bacteria 
Rapid hot phenol method (Aiba et al., 1981) was 
modified to prepare total RNA from bacterial cells. One 
hundred ml bacterial cul ture (log phase) was pelleted, 
re suspended in 1ml TE buffer. The suspension centrifuged 
again and the supernatant was removed and the cell pellet 
was flicked loose. Lysis buffer (3ml) containing 0.5% SDS 
and 20mM sodium acetate, DEPC-treated (pH 5.0) and 1mM 
EDTA was added. Three ml phenol equilibrated with 20mM 
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sodium acetate (pH 5.0) was added into the pellet and the 
mixture was incubated at 60°C for 15 minutes, shaking 
gently. The mixture was chilled on ice for 15 minutes, 
and centrifuged at 4°C for 10 minutes at 13000rpm. The 
aqueous phase was transferred to a Corex tube containing 
3ml phenol:chloroform:isoamyl alcohol equilibrated with 
20mM sodium acetate (pH 5.0), mixed gently, and 
centrifuged at 4°C for 10 minutes at 13000rpm. The 
aqueous layer was transferred to another Corex tube and 3 
volume of absolute ethanol was added. Precipi tation was 
carried out overnight at -20°C. The pellet was washed 
wi th 70% ethanol, dried and then resuspended in 1ml DEPC'-
treated double-distilled water. 
was used to determine the 
measuring the optical densi ty 
O.D.260nm = 40~tg/ml). 
Five ~l of the solution 
concentration of RNA by 
(absorbance) at 260nm (1 
3.12.2. Labelling the 5' End of the Oligonucleotides 
The kinased oligonucleotide was prepared by mixing 
20~l [1-32 p]ATP (lOmCi/ml, 200~Ci total), l~l 100~g/ml ArcA-
cds primer (3D-mer), 2.5~l 10x polynucleotide kinase 
buffer and 4U T4 polynucleotide kinase. The mixture was 
incubated at 37°C for 30 minutes and the kinase was then 
inactivated at 65°C for 5 minutes. Twenty five ~1 4M 
ammonium acetate and 250~ll absolute ethanol was added. 
The mixture put on a dry ice/ethanol bath for 30 minutes, 
and centrifuged in microcentrifuge at full speed for 15 
minutes. The pellet was dried slightly and resuspended in 
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25)ll water. The RNA was precipitated twice by the 
addi tion of 25~ll of 4M ammonium acetate each time to 
remove the ['Y-32p]ATP from the kinased oligonucleotide. 
The radioactively-labeled primer was resuspended in 100~1 
of 0.3M sodium acetate. 







et al. (1987) with 




coprecipi tated wi th approximately 20~lg of total RNA in 
ethanol and resuspended in 10)ll TE buffer and 0.27M KCl. 
The nucleic acids were hybridized at 68°C for 15 minutes, 
after which the samples were centrifuged at 4°C for 5 
seconds. RT buffer containing 10 uni ts of AMV Reverse 
Transcriptase (15)ll) was added. The mixture was incubated 
at 42°C for 90 minutes. Afterwards 
added and the mixture was extracted 
175Jll TE buffer was 
once wi th 200)ll of 
phenol/Chloroform/lsoamyl alcohol (25:24:1) and was then 
ethanol-precipitated. The sample was then re suspended in 
8Jll of TE buffer and 12Jll of a formamide-dye solution was 
adde-d. After heating at 90°C for 8 minutes followed by 
chilling, the sample was subjected to polyacrylamide gel 
electrophoresis. 
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4. Resul t 
4.1. Subcloning of areA Promoter into M13mp18/19 
The cloned arcA promoter was amplified by polymerase 
chain reaction using EcoRI-ext primer and GalK(-S4) 
primer. After purification with Centricon 30 and complete 
digestion with restriction enzymes EcoRI and HindIII 
overnight at 37°C, the DNA fragments were ligated to 
EcoRI-HindIII double-digested M13mp18 and M13mp19 RF and 
transformation into Escherichia coli JMIOl. White plaques 
were picked, grown up and were checked by direct gel 
electrophoresis. The clones were also checked by C-tests. 
The subcloned M13mp18 and M13mp19 were named p3418i and 
p3419i respectively. 
4.2. Sequencing of p3418i and p3419i using M13 Sequencing 
primers (-47) and ArcA-cds primers 
The p3418i clones were sequenced using the chain 
termination method with M13 Universal primer, M13 
sequencing primer (-47) or ArcA-cds primer. The latter 
primer was not used in the sequencing of p3419i. The 
sequence obtained was the same as reported by Wong (1990) 
and was shown in Figure 9. 
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1 20 40 
5'GAATTCGAGCTCGGTACCCGGGGATCCTGTTCTTTGGATTCATCACATTTATTAGTTGGCTTACGTAACT 
EcoRI 
50 60 80 100 
AGTTGGAATATTGCAAATTTGTGATGAAAGCTAGCATTTAGCTACGATGATTTCATCAAACTGTTAACGTGC 
140 160 180 
TACAATTGAACTTGATATATGTCAACGAAGCGTAGTTTTATTAGGTGTCCGGTACGTCTTAGCCTGTTATGT 
200 220 240 260 
TGCTGTTAAAATGGTTAGGATGACAGCCGTTTTTGACACTGTCGGGTCCAGAGGGAAAGTACCCACGACCAA 
280 300 320 
GCTAATGATGTTGTTGACGTTGATGGAAAGTGCATCAAGAACGCAATTACGTACTTTAGTCATGTTACGCCG 
340 360 380 400 
ATCATGTTAATTTGCGACATGCATCAGGCAGGTCAGGGAC*TTTTGTACTTCCTGTTTCGATTTAGTTGGCA 
420 440 460 
ATTTAGGTAGCAAACATGCAGACCCCGCACATTCTTATCGTTGAAGACGAGTTGGTAACACGCAACACGTTG 




Figure 9. Nucleotide sequence of EeoRI-HindIII fragment in pFS34. 
Oi fference wi th dye( areA) gene of Eseheri eh i a eo 7 i is i ndi cated in 
bold face. GA is replaced by AG J A is replaced by T and the deletion 
'*' i-s a 'C' in E. eo7i dye(areA) gene. 
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4.3. Unidirectional Nested Deletion of p3418i using 
Exonuclease III 
4.3.1. Large Scale Preparation of p3418i DNA for 
Exonuclease III Unidirectional Nested Deletion 
Close circular RF plasmid DNA was prepared from p3418i 
and p3419i by the Alkaline lysis method and was purified 
by CsCl centrifugation. The RF plasmid was used for the 
generation of nested deletion subclones by Exonuclease 
Ill. The RF plasmid DNA from p3418i and p3419i was 
adjusted to final concentrations of 0.5~g/ml and 0.2~g/ml. 
5J,Jg of the RF plasmid was used in each Exonuclease III 
digestion. 
4.3.2. Construction of 3' and 5' Overhangs 
The 3' overhang was generated by complete digestion of 
the RF plasmid DNA with 40U SacI at 37°C for 2 hours. 
-Blunt end was used instead of 5' overhang and was prepared 
by digesting the SacI digested p3418i DNA with 15U SmaI at 
30°C for 2 hours. The completeness of digestion was 
monitored by electrophoresis in a 0.7% agarose gel (Figure 
10 ) .. 
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.A B c D 
Figure 10. Construction of 3' overhang and blunt end for the 
unidirectional Exonuclease III nested deletion of p3418i. Lane A was 
undigested p3418i; B, BstEII digested Iv DNA; C, SacI digested p3418i 
(40U/0.2J.1Q DNA for 2 hours); D, Digestion of SacI digested p3418i 
with SmaI (15U/0.2~ DNA for 2 hours at 30°C). 
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4.3.3. Exonuclease III Digestion 
Exonuclease III unidirectional digestion was started 
by the addition of 100U Exonuclease Ill. The reaction was 
allowed to proceed at 30°C. Aliquots of 3.5~1 was removed 
at 1 minute interval for the first five minutes and then 
after additional 2, 5 and 7 minutes. 
digestion was performed simultaneously to 
overhang single-stranded DNA. Degree of 
determined by agarose gel electrophoresis 
EstEII molecular weight marker (Figure 11). 
SI nuclease 
remove the 5' 
digestion was 
wi th lambda-
4 .3 .4. Repairing of the 3' and 5' Overhangs to Genera te 
Blunt Ends 
Aliquots of Exonuclease III digested DNA with the 
desired size range were pooled together and Klenow 
fragment of Escherichia coli DNA polymerase I was added, 
.in the absence of dNTPs, to remove 3' overhang DNA. After 
the addition of dNTPs, the 5' overhang remained after SI 
nuclease digestion was repaired by the polymerase 
activities of the Klenow fragment. 
4.3.5. Blunt-end Ligation of the Nested Deletion M13mp18 
Subclones p3418i 
Repaired nest-deleted subclones of p3418i had blunt-
ends and intramolecular ligation was performed using T4 
DNA ligase at 16°C. The positive control was the 
intramolecular ligation of the repaired SacI/ Smal double-
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AB CD E F G H K L 
Figure 11. Unidirectional Exonuclease III nested deletion of p3418i, 
followed by 51 nuclease digestion. Lane A and L were BstEII digested 
~ DN~ marker. Exonuclease III (100U/5~g DNA) digestion time was: B, 
5 min.; C, 7 min.; D, 10 min.; E, 10 min., without 51 nuclease 
digestion; F, 0 min.; G, 1 min.; H, 1 min.; I, 2 min.; J, 3 min.; K, 
4 mi n .. 
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digested p3418i DNA whereas the negative control was the 
ligation of the unrepaired double cut p3418i DNA under 
same conditions. 
4.3.6. Transformation 
Competent E. coli JMI0l cells were prepared by using 
Method I and heat shock transformation was performed with 
the frozen competent cells. A total of 25 plaques were 
resulted from the first successful transformation. Among 
them, 7 plaques were coldrless. All colorless plaques and 
2 randomly selected blue plaques were used for further 
studies. 
Transformation of the second set of deletions using 
competent cells .having competency of 107 pfu/~ DNA 
resulted in an efficiency of about 103 pfu/~ DNA. 
Colorless plaques from different time pools were picked up 
randomly for further screening. Figure 12 shows the 
second set of Exonuclease III unidirectional nested 
deletion of p3418i. 
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ABC DEF GH J K L 
Figure 12. Unidirectional Exonuclease III nested deletion of p3418i, 
followed by 51 nuclease digestion. Lane A and L were BstErI digested 
~ DN~ marker. Exonuclease III (100U/5~g DNA) digestion time was: B, 
3 m i n".; C , 4 m in.; D, 2 m in.; E , 2. 5 m in.; F, 1 m in.; G , 1. 5 m in.; H , 
o mi n .; I J 5 mi n .; J, 7 'mi n .; K J 10 mi n .. 
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4.3.7. Screening of Nest-deleted p3418i Clones by Direct 
Gel Electrophoresis 
The sizes of the nest-deleted M13mp18 subclones was 
estimated by direct gel electrophoresis. A number of 
nested deletion subclones of different sizes were chosen 
for further studies. For the first successful set of 
deletion, all seven colorless plaques were screened by 
direct gel electrophoresis and two randomly chosen blue 
plaques, M13mp18, undeleted p3418i and p3419i were used as 
control. They were also subjected to complementation test 
(C-test). Three of the colorless plaques, p3418-0E1, 
p3418-0E2 and p3418-0E3, gave sizes in between that of the 
M13mp18 and undeleted p3418i and also gave positive 
complementation with undeleted p3419i. They was chosen 
for confirmation using sequencing reactions. More than 
300 clones were screened in the other set of nested 
deletion using p3418-0E1, p3418-0E2, p3418-0E3, M13mp18/19 
and p3418i/19i as size reference (Figure 13). 
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ABeD EFGHI JKlM N 
Figure 13. Screening of nest-deleted clones by Direct gel 
electrophoresis and C-tests. Lane A and K were BstEr! digested ~ DNA 
marker. Lane D, p3418-0E1; F, p3418-0E2; M, p3418-0E3. 
Complementation is indicated in Lane: E, p3418-0E1 + ~3419i; G, 
p3418-0E2 + p3419i; N, p3418-0E3 + p3419i; J and L, p3418i + p3419i. 
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4.3.8. Screening of Nested Deletion p3418i Clones by PCR 
Screening 
peR Screening (States et al., 1990) was used for the 
second stage screening of the nest-deleted subclones. The 
M13 sequencing primer (-47) and the M13 reverse sequencing 
primer (-48) was used in most of the peR screening 
reactions. Alternatively, the latter primer was replaced 
by the Extended M13 reverse sequencing primer. The 
possibili ty of using peR Screening was checked by the 5 
sequenced reference clones p3418-0E1, p3418-0E2, p3418-
OE3, p3418i and p3419i. Figure 14 shows the pattern of 
the amplified DNA bands visualized under UV after 
electrophoresed in 1.8% agarose gel and stained with 
O.SJ,lg/ml ethidium bromide. Since the migration rate of 
the DNA is inversely related to the sizes of DNA, as 
visualized from the gel, sizes of the DNA fragments would 
be p3418i=p3419i>p3418-0E3>p3418-0E1>p3418-0E2. Figure 15 
shows the pattern of a panel of nested deleted M13mp18 
subclones of p3418i screened for cloning into pFZYl. DNA 
insert sizes decreased from left to right. 
73 
A B c o E F G 
-1264 
-702 
Figure 14. peR screening of nest-deleted p3418i subclones. DNA 
fragments were amplified by using M13 Sequencing primer (-47) and M13 
reve~se sequencing primer (-48). Lane A and G, BstEII digested A, DNA 
marker; B, p3418-0E1; C, p3418-0E2; D, p3418-0E3; E, p3418i; F, 
p3419i. DNA samp 1 es were · ana 1 yzed in 1.8% agarose ge 1 • The si zes of 
the standard were indicated in base pairs. 
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A B C D E' F G H J K l M 
Figure 15. Gel electrophoresis of DNA fragments generated by the PCR 
screening of the nest-deleted p3418i subclones. DNA fragment sizes 
decreased from left to right. Lane A, p3418-0E3; B, p3418-0E1; C, 
p3418-116; D, p3418-080; E, p3418-088; F, p3418-103; G, p3418-110; H, 
p3418-0E2; I, p3418-159; J, p3418-154; K, HindIII digested 1 DNA 
marker; L, M13mp18; M, p3418i. DNA samples were analyzed in 3% 
agarose gel. 
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4.3.9. Sequencing of the Nested Deletion p34-18i Clones 
Chain termination sequencing was used to confirm the 
exact location of deletion and this parameter served as an 
important guideline for the selection of subclones for 
further subcloning into pFZYl and the determination of 
their effect on the expression of the lacZ gene in the 
promoter-probe plasmid pFZYl. Totally, more than 35 
clones were sequenced and each of them were sequenced at 
least twice to confirm the exact location of the deletion. 
18 clones were selected for further studies. Figure 16 is 
a diagrammatic presentation of the nested deletion. 
Unidirectional nested deletion was carried out from the 5' 
EcoRI-end to the 3' HindIlI-end of the DNA fragment. 
Figure 17 shows the distribution of all 18 clones 
selected. The arrow (~) denotes the first base (5' 
EcoRI-end) of the DNA insert. Table 2 lists the location 




~~I __ ----------~~ 























Figure 16. A diagrammatic presentation of the Exonuclease III nested 
deletion of the cloned areA promoter. Plasmid codes of the nest-
deleted M13 subclones are indicated at the right-hand side of the 
arroWs, respect i ve pFZY1 cl o'nes are in brackets. 
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· GATCCTGTTCTTTGGATTCATCACATTTATTAGTTGGCTTACGTAACTAGTTGGAATATTGCAAATTTGTGA 
1 20 40 60 
J4p3418i . 
TGAAAGCTAGCATTTAGCTACGATGATTTCATCAAACTGTTAACGTGCTACAATTGAACTTGATATATGTCA 
BO 100 120 140 
ACGAAGCGTAGTTTTATTAGGTGTCCGGTACGTCTTAGCCTGTTATGTTGCTGTTAAAATGGTTAGGATGAC 
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ACC CCG CAC ATT CTT ATC GTT GAA GAC GAG TTG GTA ACA CGC AAC ACG TTG AAA 
J4p3418-154 
160 180 200 
AGT ATT TTC GAA GCG GAA GGC TAT GAT GTT TTC ' GAA GCG ACA GAT GGC. GCG GAA 
--- ~-- --- --- --- --- --- --- --- --A --- --- --- --- --- ---
220 238 
ATG CAT CAG ATC CTC TCT GAA TAT GAC 
Figure 17. Distribution of the 18 nest-deleted areA promoter clones 
selected for subcloning into pFZY1. The arrow (1-4-) denotes the first 
base (5' end) of the DNA insert. The 5' end of the DNA inserts were 
determi ned by Di deoxy' chai n termi nati on sequenci ng. '*' denotes a 
deletion in the S. typhimurium areA promoter clone when compared with 
E. eo7i dye gene. 
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Table 2. Unidirectional Exonuclease III Nest-deleted M13 subclones 
of pFS34 . . 
Nest-deleted M13 






























































a. De 1 eti on endpoi nt is i ndi cated in base no.. wi th reference to 
Wong (1990) and is also shown in Figure 9. pp.64. 
b. Number in t bracket ( )' i ndi cates number of bases upstream that 
of the putative initiation codon (base 526) proposed by Wong (1990). 
The 'A' of the initiation cod on was assigned as '+1 t. 
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4.4. Cloning of Nested Deletion DNA Fragments 
M13mp18 into pFZYl 
from 
The DNA fragments were amplified by PCR using the M13 
sequencing primer (-47) and Extended M13 reverse 
sequencing primer. The EcoR1-HindI11 fragments of 
different subclones were ligated to the pFZYl. Either 
electro-transformation or the heat shock transformation 
(11) was used in the transformation of the ligation 
mixture into the host cells E. coli MCI061-S. The 
transformants were plated onto LB-AmPso-Xgal plates and 
incubated overnight aerobically at 37°C. Owing to the 
unknown effect of the deletions on the activi ty of the 
promoter, the screening method used originally for the 




blue colonies (under anaerobic 
white colonies with blue center 




screening method (States et al., 1990) was used for the 
screening of appropriate subclones. 
4.4.1. Screening of pFZYl Clones using PCR Screening 
Polymerase chain reaction was used to screen for pFZYl 
subclones containing the nested-deleted DNA fragments. 
PCR screening was tested by amplifying pFS2. 6 using the 
primers EcoR1-ext and GalK(-S4). pFS2.6 contains a 0.4kb 
DNA fragment from Salmonella typhimurium LT2 in pFZY1 
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(Wong, 1990 ) . Cell pellets were suspended in 30}l1 TE 
buffer (pH 8.0) and heat treated to provide template for 
.. -
polymerase chain reactions. The total reaction volume 
used per reaction was 10}l1 including IJll of supernatant. 
PCR was carried out for 35 cycles instead of 30 cycles and 
each cycle consisted of 1 minute at 94°C, 1 minute at 52°C 
and 3 minutes at 72°C. 
pFS2.6 in E. coli MCI061-5 gave four faint bands in 
the tested PCR condition. However, pFZYl in MCI061-5 and 
the host MCI061-5 alone resulted also in four distinct 
bands. Three bands were found in to be in common in all 
three samples. When the pFS 2 . 6 was in S . typhimuri um 
JR501 background, three distinct bands were resulted. 
When compared wi th the PCR pattern of JR501 and that 
obtained from MC1061-5 clones, the band denoted wi th t> 
was the amplified product of the insert in pFS2.6 (Figure 
18) . 
When the annealing temperature of the PCR cycle was 
changed to 57°C, the DNA banding patterns changed (Figure 
18) . The background DNA bands in MC1061-5 became less 
obvious. PCR amplification of pFS2.6 in MC1061-5 gave two 
distinct bands and one faint band. For pFS2.6 in JR501 
background, only one band was observed as denoted with ~ 
in Figure 19. 
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A BeD E F G H 
Figure 18. Gel electrophoresis of DNA fragments generated by the PCR 
amplification of pFS2.6 clones. Lane A and I, BstEII digested A. DNA 
mark~r; C, pFS2.6 in E. co7i MC1061-5; D, S. typhimurium JR501; E, 
MC1061-5; F, pFZY1 in MC1061-5; G and H, pFS2.6 in JR501. EcoRI-ext 
and Ga 1 K( -54) pr i mers w'ere used for the amp 1 i fi cat ion, each eye 1 e 
consisted of denaturation at 94°C for 1 minute, annealing at 52°C for 
1 minute followed by extension at 72°C for 3 minutes and the DNA 
. samples were analyzed in 1.8% agarose gel. 
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A B C D E F G H 
Figure 19. Gel electrophoresis of DNA fragments generated by the PCR 
amp 1 i fi cat i on of pFS2. 6 clones. Lane A and I J BstEI I di gested A. DNA 
marker; Band CJ pFS2.6 in E. coli MC1061-5; DJ MC1061-5; E. pFZY1 in 
MC1061-5; FJ s. typhimurium JR501; EJ MC1061-5; ; G and HJ pFS2.6 in 
JR501. EcoRI-ext and Gal K( -54) pri mers were used for the 
amplification J. each cycle consisted of denaturation at 94°C for 1 
minute J annealing at 57°C for 1 minute followed by extension at 72°C 
for 3 minutes and the DNA samples were analyzed in 3% agarose gel. 
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The number of cycles was increased to thirty-five. 
Considering the cost- and time-effectiveness, the PCR 
screening condition was altered with the extension period 
reduced to 2 minutes and the total reaction volume reduced 
to 5J.1.l containing lJ.1.l of DNA templates, O. 5J.1.l lOX peR 
reaction buffer, o. 5J.1.l 2mM dNTPs, O. 25 J.1.l 20mM Primer I, 
O.25J.1.l 20mM Primer 11 and 2. 5J.1.l double distilled water 
containing O.l25U Taq polymerase. After 35 cycles, 5Jl1 
loading buffer (3-fo1d diluted) was added directly to the 
reaction mixture for gel electrophoresis in 3-4% agarose. 
Furthermore, another oligonucleotide (30-mer) primer 
ArcA-cds was designed for peR Screening. 
complementary to the base-location 428 to 458. 
It was 
When used 
together with EcoRI-ext primer, ArcA-cds primer gave only 
one single band in the amplification of pFS34 for 35 
cycles. However, amplification of pFS2. 6 gave no bands 
under the same conditions. peR screening using EcoRI-ext 
and ArcA-cds primers were used as a confirmation because 
of the specificity of the amplification reaction. Except 
for clone p34l8-154, a nested deletion Ml3mp18 subclone of 
p3418i was suggested to be successfully subc10ned into 
pFZYl only when the clone showed amplified bands both when 
it was amplified with EcoRI-ext/Ga1K(-54) and EcoRI-
ext/ArcA-cds primer-pairs. 
From each test-plate, colonies wi th different levels 
of blue co1ors were purified by streaking for single 
colonies on LB-AmPso-Xga1 plates. Single colonies were 
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grown up aerobically for PCR screening using the primer-
pairs EcoRI-ext and GalK(-54) or EcoRI-ext and ArcA-cds. 
More than 300 clones were screened by this PCR screening 
strategy, and each was amplified at least twice. Fifteen 
clones represents 9 different deletion locations were 
selected for ~-galactosidase assays. They were indicated 
in Figure 20. 
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GATCCTGTTCTTTGGATTCATCACATTTATTAGTTGGCTTACGTAACTAGTTGGAATATTGCAAATTTGTGA 
1 20 40 60 
I4pZ18i 
TGAAAGCTAGCATTTAGCTACGATGATTTCATCAAACTGTTAACGTGCTACAATTGAACTTGATATATGTCA 
80 100 120 140 
ACGAAGCGTAGTTTTATTAGGTGTCCGGTACGTCTTAGCCTGTTATGTTGCTGTTAAAATGGTTAGGATGAC 




220 240 260 280 
I4pZ116 
GGAAAGTGCATCAAGAACGCAATTACGTACTTTAGTCATGTTACGCCGATCATGTTAATTTGCGACATGCAT 









440 460 480 500 
ATGATGTATTCGAAGCGACAGATGGCGCGGAAATGCATCAGATC 
520 540 
Figure 20. Distribution of the 9 locations of the nest-deleted areA 
promoter clones. The arrow (14) denotes the fi rst base (5' end) of 
the DNA insert. 
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4.5. Expression of Nest-deleted arcA Promoter Clones in 
Escherichia coli MCI061-S 
To assess the effect of the S t end deletions on the 
expression 
activities 
of the arcA promoter, 
of the clones in E. coli 
~-galactosidase 
MC1061-S were 
determined. LB-MES-KOH which is equivalent to LB buffered 
wi th BOmM 2- (N-morpholino) ethanesulfonic 
KOH at pH 6. S as suggested by Fasciano 
(1991) was used for the cultivation of 
acid (MES) and 
and Hallenbeck 
the bacterial 
strains. The resul t was shown in Table 3. All clones 
tested, except pZ1Bi-01 and pZ1Bi-02 showed specific ~­
galactosidase activities higher than that of the pFZY1 in 
. E. coli MC1061-S. pZ1Bi-01 and pZ18i-02 were two controls 
constructed by cloning the amplified products (using M13 
sequencing primers and EXTM13RS primers) of the undeleted 
p3418i into pFZY1. pZ1Bi-02 contained an extra fragment 
from the EXTM13RS primer and the M13 vector: 
GAATTCGAGCTCGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTC 
The presence of this extra DNA fragment in the pZ18i 
did not affect the expression and regulation of the 
promoter. 
Other nest-deleted clones showed no specific ~­
galactosidase activities and anaerobic induction under the 
conditions used for assay. 
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Tab 1 e 3. Aerobi c and anaerobi c 
Escherichia coli strain MC1061-5 
plasmid of pFS34. 
~-ga 1 actos i dase act i vi ties of 
with recombinant nest-deleted 
Plasmid Deletion.endc DNA insert size ~-galactosidase sp. actb 
point (5'end) (bp) Aerobic Anaerobic 
pZ18;-01 d 1(-542e ) 564 25.9 176 
pZ18i-02 f " 1(-542) 611 31.2 178 
pZ002 174(-369) 391 1 .84 2.03 
pZl16 283(-262) 282 1 .37 1 .87 
pZ080 289(-254) 276 1 .4 1 .43 
· pZ103 340(-203) 225 1.34 1 .62 
pZl07 330(-214) 235 1. 71 1 . 72 
pZ157 361(-182) 204 0.92 1 .34 
pZ159 400(-143) 165 1 .92 1 .66 
pZOEl 175(-368) 390 1 . 14 1 .21 
pFZYl promoterless 0 2.95 1.B6 
a. Cells were grown for 6 hours in LB-MES-KOH-glucose (pH6.5) and 
harvested for ~galactosidase assay. Anaerobic growth condition was 
achieved by inoculating 20J.1l overnight culture in 2 ml test medium 
and incubated in anaerobi c jar at 370 C as stand cu 1 tures. Aerobi c 
growth was achieved by shaking the culture vigorously in rolling 
.drum. 
b. ~-galactosidase specific activity is expressed as nmoles of ONP 
produced per min per A650nm. 
c. De 1 et ion endpoi nt is i ndi cated in base no. J wi th reference to 
Wong (1990) and is also shown in Figure 9, pp.64. 
d. p11Bi-01 and pZ18i-02 contain undeleted arcA promoter. 
e. Number in' bracket ( )' i ndi cates number of bases upstream that 
of the putative initiation codon (base 526) proposed by Wong (1990). 
The 'A' of the initiation codon was assigned as '+1'. 
f. pZ1Bi-02 contains an extra DNA fragment from the EXTM13RS primer 
and the M13 vector. 
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4 . 6 • Expression of Nest-deleted areA promoter in S. 
typhimurium JRSOl 
Plasmids were prepared from pZ18i-01, pZ002, pZ116 and 
pZ103 and were transformed into S. typhimurium JRS01. The 
transformant bacterial colonies were purified twice in LB-
Ampso-Xgal plates and were then confirmed by PCR 
amplification using EcoRI-ext and ArcA-cds primers. The 
colonies selected were grown in LB-AmPso-MES-KOH (pH6. 5) 
for ~galactosidase assays. The resul ts were shown in 
Table 4. As in E. coli MC1061-S, only the control pZ18i-
01 showed ~-galactosidase activity and anaerobic 
induction. All other clones showed no significant level 
of expression. 
4.7. Primer Extension 
Total RNA was prepared from anaerobically grown 
HSK1S34 containing the plasmid pFS34 using the protocol of 
Aiba et al. (1981). Other protocols such as the one 
suggested in Short Protocols in Molecular Biology (1989) 
had also been used for the preparation. However, the 
quali ty of the prepared RNA was not high enough (Figure 
21) . Degradation of the RNA was observed. ArcA-cds 
primer and ArcA-usp primer was end-labeled with [y- 32PJATP, 
hybridized with the total RNA and the primer extension was 
attempted using the reverse transcriptase. . However, no 
observed band was found when the primer extension reaction 
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Tab 1 e 4. Aerobi c and anaerobi c 
Sa7mone77a typhimurium strain JR501 
plasmid of pFS34. 
~-ga 1 actos i dase act i vi ties of 




























a. Cells were grown for 6 hours in LB-MES-KOH-glucose (pH6.5) and 
harvested for ~-galactosidase assay. Anaerobic growth condition was 
achieved by inoculating 20111 overnight culture in 2 ml test medium 
and incubated in anaerobi c jar at 37°C as stand cu 1 tu res. Aerobi c 
growth was achieved by shaking the culture vigorously in rolling 
drum. 
b. ~-ga 1 actos i dase speci fi c act i vi ty is expressed as nmo 1 es of ONP 
produced per mi n per A650nm' 
c. Deletion endpoint is indicated in base no., with reference to 
Wong (1990) and is also shown in Figure 9, pp.64. 
d. pZ18i-01 contains undeleted areA promoter. 
e. Number in' bracket ( )' i ndi cates -number of bases upstream that 
of the putative initiation codon (base 526) proposed by Wong (1990). 
The 'A' of the initiation codon is assigned as '+1'. 
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Fi gure 21 . Ge 1 e 1 ectrophoresi s of tota 1 RNA prepared from 
anaerobically grown S. typhimurium HSK1534. 
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mixture was electrophoresed in parallel 





Primer extension experiments have not been 
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5. Discussion 
5.1. Sequencing of areA Promoter 
Sequencing was done wi th the M13 subclones of the 
promoter (p3418i and p3419i). It was done, firstly, to 
confirm the reported sequence of the arcA promoter cloned 
from Salmonella typhimurium LT2. Slight difference (GA 
instead of AG at bases 52 and 53 and one base less at base 
377) has been reported between the sequence of the cloned 
arcA promoter of S. typhimurium and the dye(arcA) gene of 
Escherichia coli. The frequency of errors of the Taq 
polymerase was reported to be 1/400 and the error rate was 
as high as 2X10- 4 nucleotide/cycle in an early study 
(Saiki et al., 1986) and the frequency would be decreased 
when an optimized peR condi tions were used al though no 
change in the error ra te was reported (Goodenow et al., 
1989). However, the Tag polymerase does not contain any 
measurable 3' to 5' Exonuclease "proof-reading" activity 
as in T4 DNA polymerase. Therefore, if individual clones 
were derived from peR products. Several clones should be 
sequenced in order to distinguish between true sequences 
and misincorporated nucleotides, especially when the 
difference between the two arcA promoter sequences from 
two distinct sources was so slight. Sequencing of the 
arcA promoter was started with the amplification of the 
DNA fragment from pFS34 using peR followed by the cloning 
of the fragment into M13mp18/19. More than three 
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individual clones were selected from both M13mp18:: arcA 
(p3418i) and M13mp19::arcA (p3419i) and sequenced for at 
least three times using M13 Sequencing primer (-47). 
p3418i clones were also sequenced using ArcA-cds primer. 
Sequencing ensures that the right clone was used for the 
construction of Exonuclease III unidirectional nested 
deletion. 






nested deletion, supercoiled 
prepared by CsCl gradient 
equilibrium centrifugation should be used for the nested 
deletion because any nicks present in the DNA molecule 
will be digested by Exonuclease III enzymes making it 
difficult to follow the extent of deletion. Exonuclease 
III catalyzes the removal of nucleotides from 3'-OH group 
of the 5' overhanged or blunt-ended double-stranded DNA 
(Weiss, 1976). To generate a collection of unidirectional 
nest-deleted clones, a protective 3' overhang must be 
constructed and digestion starts from the 5' overhang or 
the blunt-end (5' EcoRI-end). SacI was selected to 
generate 3' overhang whereas SmaI was used for making a 
blunt-end. Since the DNA insert was cloned originally 
into the BamHI site of pFZY1, the deletion start site 
should be located directly upstream of the 5' end of the 
DNA fragment and the protective end must located further 
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upstream of the deletion start-site. Sites between EcoRI 
and BamHI sites of p3418i can be selected - that is 5'-
EcoRI-5acI-KpnI-SmaI(XmaI)-BamHI sites. Only the enzyme 
pairs 5maI (blunt-end) and SacI (3' overhang) can fulfill 
the cutting requirement. Since SmaI may be inactivated at 
37°C, the cutting reaction was performed under 30°C. SI 
nuclease was used to remove the single-stranded protruding 
5' end. 
5.3. Screening of Nest-deleted p3418i Subclones 
Screening of nest-deleted p3418i was first performed 
by direct gel electrophoresis followed by C-test. " 
However, fragment length difference was not so obvious 
when single-stranded DNA was analyzed in agarose gel. As 
observed from Figure 13, p3418-0El (Lane D) and p3418-0E2 
(Lane F) differs from each other for 212 bases but their 
"difference was not as obvious as in Figure 14, Lane Band 
Lane C, using PCR as screening. 
C-tests were performed using single-strand DNA from 
nest-deleted p3418i subclones and intact p3419i. M13mp18 
and -M13mp19 differ only in the orientation of the 
nonsymmetrical polycloning region wi thin the lacZ gene, 
and the arcA promoter inserted into mp18 and mp19 (p3418i 
and p3419i) was oriented opposi tely in the two vectors. 
One of the two strands of the fragment would attach to the 
" (+) strand of mp18 and the complementary strand would 
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attach to the (+) strand of mp19. Since the (+) strands 
of the two vectors contained complementary sequences of 
the DNA insert, they can be hybridized to one another to 
form a figure-eight structure and migrate more slowly 
through the gel than the single strands alone. Provided 
that the nest-deleted DNA fragments were long enough for 
hybridization, the DNA-DNA hybrids of nest-deleted p3418i 
and undeleted p3419i moved slowly in the agarose gel. 
Only those clones that gave DNA sizes between that of the 
M13mp18 and p3418i and gave hybridization with p3419i were 
selected for further studies. 
Direct gel electrophoresis and C-test as screening 
method have inherent problems. First, only those 
recombinants carrying foreign DNA with at least 200 bases 
show slower migration (Sambrook et al., 1989). Therefore, 
recombinants having small DNA inserts or those having 
slightly different insert sizes are difficult to be 
differentiate. Second, the C-test shows hybridization 
only when the nest-deleted p3418i contained fragments 
a stable which were large enough for the formation 




In view of the disadvantages of using the traditional 
direct gel check as a framework for screening, PCR 
screening based on the published protocol of States et al. 
(1990) was employed as a second stage screening. The 
protocol needs no DNA purification steps and only a single 
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pair of oligonucleotides is necessary for the 
amplifications used for identifying the nest-deleted 
recombinant plasmid. The screening strategy was slightly 
modified as follows . The selected plaques were grown in 
2YT medium, pelleted and the supernatant was used directly 
for direct gel electrophoresis and C-tests. The aim of 
the first screening was to screen away all those that 
contained insert sizes obviously smaller than the required 
range of insert size. The remaining pellet was used for 
the preparation of template DNA by boiling the pellet in 
TE buffer (pH 8.0) at 95°C for 5 minutes. PCR screening 
was done to subclones that showed sizes between that of 
the M13mp18 and p3418i. Alternatively, the PCR screening 
was done in parallel with the direct gel electrophoresis 
to shorten the time for screening. The identification of 
subclones p3418-0El and p3418-0E2 (having insert sizes! of 
157 and 386 base pairs respectively) had improved the 
efficiency of screening for a collection of evenly spaced 
nest-deleted subclones of p3418i because they served as 
extra size markers for the selection. 
Dideoxy chain-termination used to confirm the deletion 
end points of the 'nest-deleted subclones. Owing to the 
presence of "band compression" during sequencing, Deaza T7 
," 
sequencing mixes, which included the 7-deaza dGTP in place 
of the dGTP in the original T7 sequencing kit, was used 
The indicated DNA fragment size does not take into consideration the size of the two 
primers as well as the DNA fragment between the two primers and the 51 and 3 1 end of 
the DNA insert. 
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for sequencing. The nitrogen at position 7 of the guanine 
ring was replaced by a carbon, so the strength of hydrogen 
bonding between a GC pair was reduced to that of the AT 
pair, the ability of the G residues to form secondary 
structure would be reduced. In this case, the temperature 
during the electrophoresis and the denaturing conditions 
were enough for the denaturation of the single-stranded 
DNA resulted from the sequencing reactions (Mizusawa et 
al., 1986). 
Since as much as 350 bases can be sequenced wi th 
slight modification of the T7 sequencing kit protocol, 
sequence of clones with insert size of less than 300 base 
pairs can be read from a single sequencing gel. For 
clones with sizes greater than 300 base pairs, the 
location of the first base (5' end) of deletion can only 
be estimated first by the variation of pattern in the 
upper portion of the gel as compared with the undeleted 
control. ArcA-cds primer which is complementary to bases 
428 to 458 and ArcA-usp primer which is complementary to 
bases 327 to 361 was used in the sequencing of subclones 
wi th-. insert sizes greater than 350 base pairs. Sequence 
obtained wi th ArcA-cds and ArcA-usp primers served as a 
confirmation to the sequence obtained with the use of M13 
sequencing primer (-47). 
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5.4. Cloning of Nest-deleted DNA fragments from M13mp18 
subclones into pFZYl 
From the sequences, it was found that the polylinker 
sites (EcoRI-SacI) was always removed during SI nuclease 
digestion of the 5' overhang. The sequence removed ranged 
from only a few bases of the polylinker to just before the 
M13 reverse sequencing primer site. The original cloning 
strategy, in which peR was used with the pair of primers 
EcoRI-ext and GalK( -54) primers to amplify of the DNA 
fragment followed by double digestion with EcoR~ and 
HindIII and then ligated to EcoRI-HindIII digested pFZYl 
had to be changed. 
If some sequence information flanking the desired 
fragment is known, by using peR primers that incorporate 
sequences for creation of a restriction site, one can 
clone the peR products into the desired cloning vector 
after digestion with the appropriate enzymes (Scharf, 
1990). Thereby, cloning will no longer be limited to the 
naturally provided restriction sites. A primer was 
designed to incorporate a restriction site into the 5' end 
of the amplified product. Extended M13 reverse sequencing 
primer (EXTMI3RS), a 34-mer, was designed according to the 
sequence of the M13 reverse sequencing primer (-48) with 
an extension containing an EcoRI site and a SacI site at 




In design a primer with additional restriction site, a 
few bases (S'-CG- in the EXTM13RS primer) has to be added 
to the 5' end of the restriction si te according to the 
varying requirement of different restriction enzymes on 
the number of bases flanking their recognition site. 
Alternatively, the recognition sequence can be 
incorporated internally by modifying the existing sequence 
but should be made close to the 5' end to prevent any 
possible mismatches in the 3' end since mismatches in the 
3' end may interfere PCR (Scharf, 1990). 
PCR was carried out at a more stringent annealing 
temperature of 58°C in order to increase the efficacy. 
Double digestion as well as other steps in cloning could 
be carried out as before. Low cloning frequencies were 
encountered probably due to incomplete digestion or Taq 
polymerase carried over (Kaufman and Evans, 1990). 
Different approaches were used in solving the problem. 
One - of the approaches used involved a concurrent 
incubation of Klen'ow fragment, T4 polynucleotide kinase 
and T4 DNA ligase to create concatemeric DNA substrates by 
polishing, phosphorylating and ligating PCR termini in a 
single step generating multimeric DNA substrates for 
complete cleavage by restriction enzymes (Lorens, 1991). 
However, the cloning frequencies were not improved. 
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The nest-deleted fragments were subcloned back into 
pFZY1 by the use of large excess of restriction enzymes in 
the generation of sticky ends for ligation (Makino and 
Iwasaki, personal communication) and the background 
transformants of self-ligated pFZY1 were reduced by 
digesting the ligation mixture with BamHI followed by 
phenol extraction and ethanol precipitation of the DNA. 
5.5. Screening of Nest-deleted pFZY1 Subclones of p3418i 
The PCR screening method for the screening of nest-
deleted M13mp18 subclones of p3418i was modified for the 
screening of the pFZY1 subclones. pFS2. 6 was used for 
testing the possibility of using the approach in screening 
for desired clones. When the same PCR conditions used in 
screening M13 clones were used directly background bands 
were obvious (Figure 18). The homogenei ty of the PCR 
,product is affected by the concentration of the target 
sequence. Low concentration of target sequence in the 
sample would allow non-target fragments to be amplified by 
PCR (Saiki et al., 1988; Saiki, 1989). When the annealing 
temperature was increased to 58°C, the background PCR 
products were reduced (Figure 19). The use of more 
specific primers ArcA-cds and ArcA-usp in PCR gave 
distinct bands when the areA promoter DNA insert was 
present. A clone was considered to be positive only when 
the band of the right size was obtained when amplified by 
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both the EcoRI-ext/GalK(-54) and EcoRI-ext/ArcA-cds primer 
pairs. 
The ligation mixture was transformed into E. coli 
MC1061-5 by e1ectroporation. The transformant colonies 
were whi te (colorless), light-blue or deep-blue on LB-
AmPso-Xgal-Xylose plates after growth at 37°C and incubated 
at 4°C for the development of the blue color. In most 
cases, these observed colors could not represent whether 
an insert was present, so colonies of different colors had 
to be selected for PCR screening. 
S.6. The Effect of 5' Unidirectional Nest-deleted on the 
Expression of the Cloned areA Promoter in E. coli 
MCI061-S and s. typhimurium JRSOl 
The effect of the deletions on the expression of the 
promoter was studied by p-galactosidase assays. However, 
none of the nest-deleted clones showed ~-galactosidase 
activity even when only 173 bases (clone pZ002) were 
removed from the 5' EcoRI-end (Figure 16) of the promoter 
clone. 
S.7. Primer Extension Experiment 
Primer extension was tried to determine the 
transcriptional startpoint of the cloned arcA promoter. 
The primers were end-labeled and checked by polyacrylamide 
gel electrophoresis. Hybridization with total RNA 
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prepared from anaerobically grown S. typhimurium HSK1534 
and primer extension resulted in no observed band in the 
sequencing gel for the extension reaction mixture. All 
processes had been followed to see the possible 
explanation of the failure and it seems that the most 
probable reason was the poor preparation of total RNA for 
mRNA template. As observed from the gel, it was found 
. that degradation of the RNA was serious because a good RNA 
preparation should give distinct bands in agarose gel 
electrophoresis. Since RNase was widely used in the 
preparation of chromosomal DNA and plasmid DNA, 
contamination of RNase might be serious. The effect of 
RNase contamination on the preparation of RNA had been 
minimized by the treatment of distilled water by 
Diethylpyrocarbonate (DEPC), an inhibitor of the RNase and 
most autoclavable chemicals, if not reacting wi th DEPC 
were treated with it and then autoclaved. However, some 
chemicals that are reacting with DEPC such as Trizma base 
and sodium dodecyl sulfate were not treated. 
Contamination was therefore possible in such cases. To do 
a successful primer extension, it is necessary to 
decontaminate the ' working area first to prevent 
degradation of the RNA prepared as well as securing a good 
preparation of total RNA to provide the mRNA template for 
primer extension. 
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5.8. Sequence Analysis of the Cloned areA Promoter 
Two conserved regions, about 35 and 10 base pair 
upstream from the transcriptional startpoint, designated 
as '-35' and '-10' regions 
(Hawley and McClure, 1983 ; 
were reported in promoters 
Harley and Reynolds, 1987). 
Other than the consensus sequence, another coding sequence 
to be identified is the translation initiation codon. 
Over 90% of the prokaryotic ini tiation codon are ATGs 
(Stormo, 1987). The analysis of the sequence of the 
cloned areA promoter was reported (Figure 22). All the 
coding sequences, including the '-35' and '-10' region, 
Shine-Dalgarno sequence and the initiation codon was 
indicated together with the possible reading frame (Wong, 
1990 ) . 
However, from the information obtained from the 
deletion analysis, modifications should be made to the 
. codi~g sequence information. Since deletion of 173 bases 
from the 5' EeoRI-end (Figure 16) was enough for 
abolishing the expression of the cloned promoter, the 
first 173 bases should contain the necessary promoter 
element. Putative '-35' and 
proposed within this region. 




regions are thus 
interregional space 
'-10' region is 18 
bases. They were double-underlined in Figure 22. The' 
35' region will then be located within the putative FNR-
binding site and the putative Anaerobic Sense Element 
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F;gure 22. pFS34 
Va1 Asn Va1 Leu G1n Leu Asn Leu 11e Tyr Va1 Asn G1u Ala 
Cys *** Arg Ala Thr 11e G1u Leu Asp 11e Cys GLn Arg Ser 
Leu Leu Thr Cys Tyr Asn *** Thr *** Tyr Met Ser Thr Lys 
117 126 135 144 
CTG TTA ACG TGC TAC AAT TGA ACT TGA TAT ATG TCA ACG AAG 
"-35" 
ASE 
FNR binding site 
*** Phe Tyr *** Va1 Ser Gly Thr Ser *** Pro Va1 Met Leu 
Va1 Val Leu Leu Gly Val Arg Tyr Val Leu Ala Cys Tyr Val 
Arg Ser Phe Ile Arg Cys Pro Val Arg Leu Ser Leu Leu Cys 
153 162 171 180 189 
CGT AGT TTT ATT AGG TGT eCG GTA CGT CTT AGC CTG TTA TGT 
"-10" 
Leu Leu Lys Trp Leu Gly *** Gln Pro Phe Leu Thr Leu Ser 
Ala Val Lys Met Val Arg Met Thr Ala Val Phe Asp Thr Val 
Cys Cys *** Asn Gly *** Asp Asp Ser Arg Phe *** His Cys 
198 207 216 225 234 
TGC TGT TAA AAT GGT TAG GAT GAC AGC CGT TTT TGA CAC TGT 
initiation codon 
Gly Pro Glu Gly Lys Tyr Pro Arg Pro Ser *** *** Cys Cys 
Gly Ser Arg Gly Lys Val Pro Thr Thr Lys Leu Met Met Leu 
Arg Va1 Gln Arg Glu Ser Thr His Asp Gln Ala Asn Asp Val 
243 252 261 270 
CGG GTC CAG AGG GAA AGT ACC CAC GAC CAA GCT AAT GAT GTT 
*** Arg *** Trp Lys Val His Gln Glu Arg Asn Tyr Val Leu 
Leu Thr Leu Met Glu Ser Ala Ser Arg Thr Gln Leu Arg Thr 
Val Asp Val Asp Gly Lys Cys Ile Lys Asn Ala 11e Thr Tyr 
279 288 297 306 315 
GTT GAC GTT GAT GGA AAG TGC ATC AAG AAC GCA ATT ACG TAC 
*** Ser Cys Tyr Ala Asp His Va1 Asn Leu Arg His Ala Ser 
Leu Val Met Leu Arg Arg Ser Cys *** Phe Ala Thr Cys Ile 
Phe Ser His Val Thr Pro Ile Met Leu Ile Cys Asp Met His 
324 333 342 351 360 
TTT AGT CAT GTT ACG CCG ATC ATG TTA ATT TGC GAC ATG CAT 
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Figure 22. pFS34 
Gly Arg Ser Gly Thr Phe Val Leu Pro Val Ser Ile *** Leu 
Arg Gln Val Arg Asp Phe Cys Thr Ser Cys Phe Asp Leu Val 
Gln Ala Gly Gln Gly Leu Leu Tyr Phe Leu Phe Arg Phe Ser 
369 378 387 396 
CAG GCA GGT CAG GGA CTT TTG TAC TTC CTG TTT CGA TTT AGT 
Ala Ile *** Val Ala Asn Met Gln Thr Pro His Ile Leu Ile 
Gly Asn Leu Gly Ser Lys His Ala Asp Pro Ala His Ser Tyr 
Trp Gln Phe Arg *** Gln Thr Cys Arg Pro Arg Thr Phe Leu 
405 414 423 432 441 
TGG CAA TTT AGG TAG CAA ACA TGC AGA CCC CGC AeA TTC TTA 
Val Glu Asp Glu Leu Val Thr Arg Asn Thr Leu Lys Ser Ile 
Arg *** Arg Arg Val Gly Asn Thr Gln His Val Glu Lys Tyr 
Ser Leu Lys Thr Ser Trp *** His Ala Thr Arg *** Lys Val 
450 459 468 477 486 
TCG TTG AAG ACG AGT TGG TAA CAC ' GCA ACA CGT TGA AAA GTA 
" -35" 
Phe Glu Ala Glu Gly Tyr Asp Val Phe Glu Ala Thr Asp Gly 
Phe Arg Ser Gly Arg Leu *** Cys Ile Arg Ser Asp Arg Trp 
Phe Ser Lys Arg Lys A1a Met Met Tyr Sei Lys Arg Gln Met 
495 504 513 522 
TTT TCG AAG CGG AAG GCT ATG ATG TAT TCG AAG CGA CAG ATG 
"- 1 0" 
Ala Glu Met His Gln Ile 
Arg Gly Asn Ala Ser Asp 
Ala Arg Lys Cys Ile Arg 
531 540 548 
GCG CGG AAA TGC ATC AGA TC 3' 
so initiation codon 
Open Reading Frame proposed in this 
study 
Figure 22. Nucleotide 'sequence of the 3' end of the 0.55 kb Sau3A-
Sau3A fragment of pFS34 with DNA translation in three 
reading frames. The possible initiation codon, reading 
frame and regulatory elements proposed in this study are 
indicated in boldface. The original proposed elements by 
Wong (1990) were indicated in italic. ASE, anaerobic 
sense element; SO, Shine Oalgarno sequence; ***, stop 
codon. 
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(ASE). An initiation codon (ATG) is also suggested. It 
is located at base 203 to 205. The second reading frame 
is suggested to be an open reading frame because 47 codons 
were found before the occurrence of a stop codon. 
However, it has been suggested that in E. coli nearly 
every gene has an ORF of at least 50 codons (Stormo, 
1987) . And the open reading frame reported contains 3 
codons less than this suggested criteria. Another 
criteria for the limitation of the regions and frames of 
potential genes is that every ORF over 100 codons is a 
gene (Stormo, 1987). Unfortunately, owing to the failure · 
of the primer extension experiments, the location of the 
transcriptional startpoint is still not known. 
On the other hand, it is also possible that this 
region contains important regulatory sequences such as 
bacterial enhancer-like activator elements (BELE). This 
suggestion was based upon the putative promoter elements 
proposed previously (Wong, 1990). Upstream activator 
sequences in prokaryotic systems have been reported in E. 
coli (Reitzer and Magasanik, 1986; Garciarrubio and 
Cova~rubias, 1987) as well as in Klebsiella pneumoniae 
(Buck et al., 1986). With reference to 'the previously 
proposed putative promoter elements, I speculate that the 
BELE for arcA regulation may locate at least 330 bases 
upstream from the promoter. In the case of E. coli nif, 
the bacterial enhancer-like sequence (BEL) , locates 
approximately 110bp upstream from the nif promoter. This 
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sequence can be 2kb away from the promoter (Garciarrubio 
and Covarrubias, 1987). Since the expression of the 
cloned areA promoter is Fnr-independent, the model of the 
BELE-regulated Fnr-independent genes proposed by Wong 
(1990) can be modified to explain the elimination of the ~ 
-galactosidase activity by the removal of an upstream DNA 
fragment which is >120 bases away from the promoter 
(Figure 23). The supercoiling and bending of DNA 
facilitate the binding of RNA polymerase to the '-10' and 
'-35' regions. The bending of DNA may be facilitated by 
the presence of other protein factors so that the protein 
factors interact with the RNA polymerase and activate the 
transcription of the cloned 
end of the cloned promoter 
areA promoter. 
was deleted, 
When the 5' 
the BELE was 
removed and the activation process cannot proceed. The 
expression of the promoter, in this study, was totally 
elminated. DNA looping may be involved in the activation 
process. The ability of DNA loops to alter 
transcriptional activity has been demonstrated in the 
transcriptional activation by A-repressor. Furthermore, 
the -_integration host factor facilitates the action of 
integrase solely by the alteration of the DNA structure 
(Moitoso et al., 1989). 
reported to be a part 
Looped DNA structures have been 
of the regulatory mechanism for 
transcriptional initiation of the ara operon which encodes 
proteins that are involved in the transport and metabolism 
of arabinose as an energy source (Dunn et al., 1984). The 
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Factor 
'-35 ' '-10 ' 
? 
'-35 ' '-10' 
Figure 23. A proposed model for the regulation of the transcription 
of the cloned areA promoter by the upstream bacterial enhancer-like 
activator element (BELE). A. The bacterial enhancer-like element 
locates at the 5' end of the DNA fragment. Protei n factor bi nds to 
the BELEJ activates the RNA polymerase and hence the transcription of 
the promoter. B. The remova 1 of the 5' end of the DNA fragment 
(i.e. the BELE) hinders the binding of the protein factor to the RNA 
po 1 ymerase and the t ranscri pt i on of the promoter ; s then abo 1; shed. 
'?' denotes the possibility of the involvement of other protein 
factors that aid the formation of loop structure. 
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presence of specific binding sites for a given protein, 
the relative posi tion of (or the distance between) the 
binding sites, the orientation of the bend with respect to 
these binding sites, and the structural properties in the 
intervening DNA determine the formation of DNA loop 
structures. It is a compromise between the energy 
requirement for bending and twisting the DNA and the 
energy gain after stabilization by protein binding and 
their interactions. This is energetically favored by the 
increase in the distance between the sites (Matthews et 
al., 1992). 
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6. Conclusions and Further Studies 
After subcloning the cloned arcA promoter into 
M13mp18/19 sequencing vectors and sequenced with dideoxy 
chain termina tion sequencing using ArcA-cds primer, the 
sequence was found to be identical to that reported by 
Wong (1990) . Unidirectional Exonuclease III nested 
deletion was obtained from the 5 t EcoRI-end of the DNA 
insert and the nest-deleted DNA fragments were sequenced 
and subcloned into the promoter-probe plasmid pFZY1. 
After ~-galactosidase assay, the promoter elements were 
located at the first 173 base pairs of the DNA fragment, 
the putative t -35 t, t -10 t regions and ini tiation codon 
were therefore revised. Alternatively, bacterial 
enhancer-like activator element was located at the deleted 
173 bas'es at the 5 t EcoRI-end of the arcA promoter clone 
so that the removal of it affected the transcription of 
the prom9ter. However, the actual transcriptional 
startpoint, which is an important in determining the exact 
location of the promoter was still not determined. This 
piece of information is definitive in determining the 
exact location of the promoter. Therefore, it is 
suggested that the primer extension experiment should be 
continued. Nest-deletions on the first 200 base pairs 
should be constructed in order to find out the functional 
domains in the arcA promoter. It has been suggested that 
arcA in Escherichia coli was under the autoregulation of 
ArcA, contradictory to the findings in Salmonella 
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typhimurium. It is possible that our cloned areA promoter 
was not complete so that some DNA elements which might be 
responsible for the autoregulation was not included, 
similar to the case of removing the upstream region of the 
Nar operon resulting in its sole regulation by FNR. 
Therefore, it is necessary to clone and sequence further 
upstream region of the areA promoter. 
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